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BY THE RIVERS OF BABYLON: PATTERNS OF HETERARCHY,  
SUSTAINABLE WETLAND AGROECOLOGY, AND URBAN DYNAMICS 
IN OLD BABYLONIAN MASHKAN-SHAPIR 
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Major Professor: John M. Marston, Professor of Archaeology 
ABSTRACT 
Archaeological investigations of the largest urban centers in southern 
Mesopotamia have excluded collection and detailed interpretation of faunal remains. This 
exclusion has resulted in a biased interpretation of urban dynamics based largely on 
architecture, site planning, artifact distribution, and textual evidence. The samples that do 
exist from these sites are often incomplete. Additionally, textual evidence pertaining to 
animal exploitation is essentially silent when it comes to pig husbandry and offers little 
information on the exploitation of fish and other wild resources. While addressing these 
biases with the analysis of faunal material from the late second millennium (BCE) urban 
site of Mashkan-shapir, this study also aims to shed light on the complex interplay 
between urban life and the natural diversity of the southern Mesopotamian wetlands. The 
site is presented as a model for heterarchical sociopolitical organization and sustainable 
xi 
agroecological approach to subsistence. A fundamental link is made between 
sustainability and heterarchical organization and consensus.  
Results of the analysis of over 7000 specimens from excavation, as well as nearly 
2900 specimens from systematic flotation, indicate that wetland resources were an 
integral part of the site economy.  The data suggest pigs were a major dietary component, 
and suggest low intensity cultivation of free roaming "street pigs" as the likely pig rearing 
strategy. Ovicaprid remains indicate a strong bias towards sheep with the primary goal of 
wool production. The study attempts to describe and quantify the role of wetlands as a 
sustainable resource adding to the vitality and success of Mashkan-shapir. The data 
suggest an urban setting intimately linked to wetland ecosystems. This model of wetland 
exploitation is compared to both ancient and modern data including modern models of 
mixed species sustainable agroecosystems to illustrate the efficiency and sustainability of 
the proposed Mashkan-shapir model. The data from Mashkan-shapir suggest that a 
heretofore unexamined or hidden portion of the economy based on fishing, hunting, 
household level pig husbandry, and wetland resource exploitation,  played a crucial role 
in the lives of Mesopotamian urbanites.  
xii 
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Chapter One:  Introduction 
1.1 Introduction 
Since the late 1800s archaeological investigation of urban centers in lower 
Mesopotamia have brought to light much knowledge about Mesopotamian urbanism. 
During this time period and leading into the early 1900s, many of the most substantial 
urban centers such as Ur, Uruk, Eridu, Larsa and Nippur had already been excavated.  
These excavations paid little attention to faunal and floral evidence, if any at all (Table 
1.1). This material was seldom collected or even described. As a consequence most of 
what we know about the role of animals in the lives of ancient Mesopotamians in this 
area comes from textual evidence, supported by archaeological data from artifacts, 
artwork, architecture and other indirect sources. In fact, one of the original factors leading 
to my decision to study the fauna from Mashkan-shapir was to address this lack of 
primary data sources.  
In this section, this lack of information is expanded upon to illustrate the dire need 
for information from faunal remains in this area, where much of these data have already 
been destroyed permanently.  I will also briefly introduce the two central aims of this 
study. The first demonstrates how this faunal evidence can be used to support the 
hypothesis of the original researchers of the site, namely the assertion of a decentralized 
heterarchical organization of southern Mesopotamian cities.  
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Table 1.1: Table showing treatment of animal remains by researchers from 1800-1949 
AD, at excavations of large urban centers in Mesopotamia with citations to major 
references of this early work. Minimal or limited work within a treatment category 
indicated by  symbol.       
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 The second aim of the study, hoping to go a step further than the already 
published literature on the site, is the use of faunal remains to understand the role of 
wetland resources in the urban setting of southern Mesopotamia.     
 Many of the early excavated sites had the double misfortune of being both 
conspicuous in the flat landscape of the Mesopotamian floodplain as well as having been 
mentioned in the Bible. Perhaps for this reason, the most significant example of this loss 
of information is at the cities of Babylon and Ur which were first excavated in 1811 (Rich 
1818a, b) and 1853 (Taylor 1855b) respectively. The location of Babylon has been 
continually known since antiquity, therefore it is likely that much destruction can be 
attributed before the era or archaeological investigation. The site of Ur, for example, was 
one of the earliest sites excavated in the 19th century. It is quite troubling to consider the 
loss of information at Ur due to its relevance for the study of ancient cities. It serves not 
only as a record of the earliest processes of urbanization, but as a complex multi-period 
site, it also presents a broad stratigraphic view into Mesopotamia’s rich history. It is 
intellectually crippling, therefore, that we have virtually no useable faunal data, apart 
from some basic notes on the contents of burial and ritual offerings (Ellison, et al. 1978; 
Woolley 1934) from the site.  If one visits Ur today, spoil heaps several meters high are 
literally full of faunal material and other artifacts such as non-diagnostic ceramics, metal 
objects, and building materials (Figure 1.1).      
 With the advent of modern multidisciplinary archaeological methods, in the 
middle to late 1900s, and the growth of certain archaeological subfields including 
zooarchaeology, paleoethnobotany, and geoarchaeology, mundane finds such as bone, 
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charcoal, "undiagnostic" ceramic, stone, and metal objects, now offered archaeologists 
opportunities for a different perspective on past lifeways.  
     
Figure 1.1: Upper portion of spoil heap showing dense artifact concentration from 
Wooley excavations west of royal cemetery at Ur, 2012 Jan. Professor John MacGinnis 
of Cambridge University standing for scale. 
           
 These new sources of information, coupled with the rise of computers as 
recording and data-manipulation devices, as well as new scientific and technical 
developments such as; radio-isotope dating, DNA studies, mass spectrometry, orbital 
satellites, GPS, and geophysical survey, led to a shift in archaeological methods and 
theory.   
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These developments made their way into Near Eastern archaeology, though this 
process was slow, with many regional archaeologies resistant to change. Many long-
running investigations of large Mesopotamian urban centers, by then already over a 
century old, continued their work with very little penetration of these new developments 
after the 1950s and 60s.  For example, at Larsa, publications of French excavations 
(Hout, et al. 1978; Huot and Calvet 2003) undertaken in the 1970s and 80s make no 
mention of animal remains whatsoever, relying on artifacts and texts to make conclusions 
pertaining to animals, even though zooarchaeological investigations at that time was 
already common in other parts of the world. This is particularly unfortunate as these 
excavations investigated residential structures as well as administrative and other 
contexts.           
 At Nippur, long-running excavations by the University of Chicago's Oriental 
Institute, however, eventually came to include the analysis of animal remains in seasonal 
reports (Boessneck 1978). Though there is no telling how much information was lost due 
to the neglect of animal remains in large urban centers in Southern Mesopotamia, by the 
late 1980s there was promise that this trend was ending. Excavations at Mashkan-shapir 
from 1987-1991, with which this study is primarily concerned, represent perhaps the 
most modern collection methods for any of the southern Mesopotamian sites of this time 
period.   Nippur, and a select few other sites, which also present data on animal bone data 
stemming from this short period of scientific excavation in Iraq are rare. Indeed these 
projects form part of the comparative data I will mention in a subsequent chapter.
 Unfortunately, the hope of new techniques and a modern approach to the 
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archaeology of southern Mesopotamia, was abruptly extinguished when the onset of the 
first Persian Gulf War caused the expulsion of archaeologists from the region in 1991. 
Additionally, due to the difficulty of exporting faunal remains under the Saddam regime, 
faunal material that was collected from Iraqi sites was stored in dig houses and regional 
museums. These collections often languished due to neglect and inadequate 
custodianship and many were subsequently destroyed by the activities of looters 
(Elizabeth Stone, personal communication, 2015).       
 Excavations at the site of Mashkan-shapir conducted by Elizabeth Stone of Stony 
Brook University and Paul Zimansky, then at Boston University, represented the most 
modern and novel approach to southern Mesopotamian archaeology at the time due to the 
project’s interdisciplinary approach, as well as its methodical research framework 
designed to offer evidence of urban socio-political organization in the region. The nature 
of this project will be discussed further in Chapter 3. It is thanks to this approach, and the 
tireless efforts of Stone and Zimansky, however, that the faunal remains that make up this 
study still exist. At Stony Brook University, this complex assemblage passed through the 
hands of several graduate students and abandoned attempts at interpretation. As a 17-
year-old undergraduate freshman at Stony Brook University and a work-study student, it 
was my job to wash and number the material. Indeed, these remains were the first 
archaeological materials I ever touched.  As fate would have it, in just under a decade, 
they would form the basis of my own dissertation research.     
 The site of Mashkan-shapir represents a unique opportunity to examine the 
relationship between the environment and culture in Mesopotamian urban centers by 
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examining faunal remains. Fieldwork at Mashkan-shapir represents to date perhaps the 
most thorough investigation of a large Mesopotamian urban center. Systematic 
excavation, survey, soundings, and collection of mundane finds such as bone, botanical 
remains, bitumen, grinding stones, and other previously discarded finds have allowed 
researchers a level of resolution previously unknown for Mesopotamian sites in the south.
 Research at the site focused on urban organization, political power distribution, 
and social differentiation. The nature of urbanism in this region and the uniqueness of the 
Mesopotamian city has been investigated for almost two centuries now. Overwhelmingly, 
these ageing theories have been based in the past on texts, inter site distribution via 
landscape archaeology, and interpretation of overwhelmingly non-residential architecture 
that has been denuded of its worldly trimmings, i.e., its trash. A combination of intra-site 
planning, neighborhood organization, satellite imagery, textual analysis, artifact 
distribution, excavation (albeit cut short), and geoarchaeological sampling techniques 
were implemented. This dissertation project will continue this line of research using 
patterns in the faunal remains to address these issues. In addition, I will go a step further 
and use the rare opportunity to study the relationship of Mesopotamian urban centers 
themselves with one of the most prevalent environmental resources in their surroundings, 
wetland ecosystems. The proximity of many southern Mesopotamian urban centers to 
wetland environments has been largely ignored in the past. Situated along an ancient 
watercourse of the Tigris-Euphrates river system, and transected by a network of large 
canals, Mashkan-shapir had access to a veritable cornucopia of wetland resources.
 Wetlands are not easily definable. As wetlands have come to be better understood 
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in recent decades, the term has been expanded, and is used to mean different things to 
different groups, which we will examine in subsequent chapters. In terms of a simple 
definition, of all the attempts I came across, perhaps the most succinct and relevant to this 
study, can be read on a small four-page pamphlet produced by the United States 
Environmental Protection Agency (EPA 2004). Here we read; "Wetlands are the link 
between the land and the water. They are transition zones where the flow of water, the 
cycling of nutrients, and the energy of the sun meet to produce a unique ecosystem 
characterized by hydrology, soils, and vegetation" (EPA 2004:1).  Therefore, wetlands 
represent a unique nexus, where various ecological factors are linked together to produce 
an ecosystem that is one of the most diverse, most productive, and most naturally self-
sustaining on Earth. Indeed, themes of diverse factors functioning in unison, productivity, 
and sustainability are at the core of this investigation.     
 Through interpretation of the faunal data from Mashkan-shapir and corroborating 
evidence coming from archaeological survey and excavation at the site, as well as that 
from contemporary sites were it exists, this study will show that the wetland environment 
played a crucial role in urban life. It is no surprise that wetlands were important to the 
various emanations of Mesopotamian civilization. One only need briefly look at the 
textual record to see this. For example, the Lament for Sumer and Ur, a cuneiform text 
(Figure 1.2) surviving in over 500 lines from the Old Babylonian period, gives us an idea 
of the role which the Mesopotamian waterways played in the world view of local groups. 
The text describes line by line the sorrow and suffering wrought by the desolation of Ur, 
in many lines drawing parallels with the absence of the city's waters.  Lamenting that  
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"The sound of water against the boat's prow ceased, there was no rejoicing", and that 
"Hunger filled the city like water, it would not cease" (Black, et al. 2009:319, 390) it 
creates a psychic  link between misery and loss of the water’s bounty. The text then ends 
with the cities renewal and the vitality brought by the return of the waters, its citizens 
offering a desperate plea to the god An so that this misfortune should never again occur: 
                 
    498. That the Tigris and Euphrates should again carry water: may An not change it. 
    499. That there should be rain in the skies and on the ground speckled barley:  
 may An not change it. 
    500. That there should be watercourses with water and fields with grain:  
 may An not change it. 
    501. That the marshes should support fish and fowl: may An not change it. 
    502. That old reeds and fresh reeds should grow in the reed-beds:   
 may An not change it. 
    503. May An and Enlil not change it. 
    504. May Enki and Ninmah not change it. 
    505. That the orchards should bear syrup and grapes, 
    506. That the high plain should bear the mašgurum tree, 
    507. That there should be long life in the palace, 
    508.  That the sea should bring forth every abundance: may An not change it.  
Figure 1.2: Lines from the Lament for Sumer and Ur after Black, et al. (2009) translation  
          
Indeed this story stands as a metaphor for the role that the various aquatic 
environments endemic to Mesopotamia played in the psyche of its citizens. In fact, in the 
past few decades the importance of wetlands in terms of biodiversity, conservation, and 
sustainable subsistence strategies has become a major focus of research, preservation, and 
economy. This research proposes that the wetland resources within and surrounding the 
site of Mashkan-shapir were integral to the site’s success as well as its political, social, 
and economic institutions.  
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1.2 Objectives of the Study       
 Theories of ancient urbanism are notoriously difficult to support with material 
remains. These are complex systems whose inner workings can often appear arcane and 
unknowable through an archaeological lens. Traditionally, in those ancient societies, 
ancient Mesopotamia, where texts exist and are legible by current researchers, they often 
become the main source of information on social themes. Additionally, researchers often 
bring their own experience in the form of personal biases and interests to the discussion 
of social issues. Texts, much like people's personal experiences, can often be very useful 
tools when reconstructing ancient society. However, just like personal experience, texts 
can be biased. Textual evidence, or any singular type of evidence for that matter, require 
corroboration. Unfortunately, due to the lack of animal bone studies for the large urban 
centers of ancient Mesopotamia, corroboration of existing notions using fauna is a 
difficult process.         
One example where this has been possible is with the practice of fish offerings. 
Based on textual and representational evidence from Ur it is assumed that offering fish to 
deities was a common practice, a fact that is corroborated by the recovery of offering 
vessels containing fish remains as well as dense fish-bone deposits in theorized 
"Opferstatten" deposits  from Ur, Uruk, and Eridu (Van Buren 1948:105-106).  If we 
consider pig remains, however, we are faced with a dilemma. Faunal reports from many 
sites, for example,  Abu Salabikh (Clutton-Brock and Burleigh 1978)  and Nippur 
(Boessneck 1978) indicate that the pig was an important constituent of the diet yet it is 
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almost completely absent from the textual record and does not even figure into the animal 
economic texts from Drehem (Kang and Urbana 1972).    
 For any archaeological interpretation as complex as urban organization the 
corroboration of several lines of evidence would be required. Though the full history of 
research at the site, will be described in detail in Chapter 3, it was with this consideration 
in mind, that the investigators of Mashkan-shapir  formulated a model of the ancient 
Mesopotamian city characterized by decentralization of administrative functions and 
associated low levels of social differentiation (Stone 1990). They reasoned that a 
heterarchical power structure (Stone 2008:142; Stone and Zimansky 2004:2-5,373,378-
380) built upon " the development of consensus between differently constituted interest 
groups" (Stone 1999:119) could be identified at the site. This describes a society in which 
the authorities of temple and palace are by no means at the helm. They argue that society 
is regulated rather by consensus between a variety of groups with their own unique 
influences and sources of economic, social, and political power.     
 Put simply, but perhaps most eloquently by the title of a 1995 article by Stone and 
Zimansky in Scientific American, the city was a “Tapestry of Power” (Stone and 
Zimansky 1995), and Mashkan-shapir represents unique evidence of how that tapestry 
was woven together. Research at Mashkan-shapir by Stone and Zimansky incorporated 
intra-site organization, artifact distribution, survey and satellite evidence as well as 
textual evidence to provide various lines of corroborating evidence for such a tapestry at 
work in Mashkan-shapir (Stone 1990, 1991, 1993, 1995, 1996, 1997, 1999, 2008, 2012; 
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Stone et al. 1990; Stone and Zimansky 1989, 1994, 1995, 2004; Stone et al. 1998). 
Though the specific results of their research and their theoretical framework and models 
as they relate to the current study will be elaborated upon in subsequent chapters, this 
analysis will use the faunal evidence from the site to continue unraveling this tapestry. 
Through the analysis of the remains of animals from the site, we have access to sectors of 
the society which may not be easily identified otherwise. Household production of 
animals such as pigs, information on the access to animal products at the site, the spatial 
relationship between animals and humans, and most interestingly, the interaction of 
Mesopotamian urbanites and their environment in the form of access to wild, marine, and 
wetland fauna.  
In the last century, much research in the fields of conservation, ecology, and 
biology has focused on wetlands. Publications on wetland biodiversity, conservation, and 
ecology number in the thousands. In recent decades, this theme has penetrated the social 
sciences, and archaeology in particular. Jennifer Pournelle, for example, has gone to 
extraordinary measures in the introduction to Wetland of Cities to outline the historical 
transition where the wetlands, once seen as reliable sources of products, came to be seen 
as obstacles and "waste land(s) awaiting the firm hand of good governance" by post-
enlightenment thinking (Pournelle 2003b:2-10).  The reevaluation of wetland resources in 
recent years (Adamus 1988; Amerasinghe and Indrajith 1994; Boyer and Polasky 2004; 
Dudgeon 2000; E.U. 2003; Gibbs 1993; Halima and Munishi 2009; Lamsal, et al. 2015; 
M.E.A. 2005; Maltby and Dugan 1994; McInnes 2011; Moctezuma-Malagón, et al. 2008; 
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Partow 2001; Pearson 2006; Richardson, et al. 2005; Verhoeven and Setter 2009) and a 
turn towards conservation, with an emphasis on the socio-cultural and ecological benefits 
of these resources, can thus be seen as a return to a pre-modern or traditional method of 
thinking regarding agriculture. In fact, this shift has influenced the current agriculture as 
ecosystem (agroecosystems or agroecology) approach to agricultural sustainability, 
particularly in areas of limited land resources. Agroecosystem models of sustainable 
production highlight: species diversity (agrobiodiversity); the return to a highly 
knowledge-based (traditional and scientific) management of agricultural systems; the use 
of natural ecological processes of renewal, pest management, population control, and 
nutrient cycling; integration of biological processes and wetland function; the use of 
adaptive strategies to respond to dynamic change and stress, as well as biological synergy 
between organisms which includes humans themselves in the system (Bohlen and House 
2009:266-267; Kirschenmann 2007:373-376).  
Such multi-product agroecosystems often involve  the use of traditional 
knowledge acquired from local groups, including rural communities within industrialized 
states as well as non-industrialized indigenous groups to assist in the adaptive 
management of such agroecosystems (Berkes, et al. 2000:1251-1252). Though these 
theories will be expanded in subsequent chapters, the relevance for the study of Mashkan-
shapir, and indeed all cities where wetland resources play a role in the lives of the people, 
is that these areas are being reconsidered on a global scale as potential sites of sustainable 
agroecology. This movement represents a return to the roots, so to speak, for agriculture.  
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Such agroecosystems are based on using the natural interrelationships of plant and animal 
resources and their environment in a harmonious, self-renewing, sustainable manner as 
compared to the sterile, artificial approach of many conventional agricultural systems, 
which pay little mind to the relationship of agricultural fields and products and their 
surrounding ecosystems, let alone human communities.     
 The result is a diverse sustainable agricultural system which mirrors nature's own 
biodiversity, where the components of the system from the input of feed (if required) to 
the type of algae and decomposer organisms incorporated are specifically managed based 
on both scientific and traditional knowledge.  Figure 1.3 illustrates a simplified version 
of such a system. Products for human use illustrated by this example include: rice, duck 
meat, duck eggs, and fish for a small input of feed.  Such systems can also incorporate 
food fish such as carp (Michielsens, et al. 2002), cranberries & honeybees (Loose, et al. 
2005), or any number of other products which can be integrated in a self-sustaining 
system.   
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Figure 1.3: A planned modern wetland-based sustainable agroecosystem. The diagram 
illustrates an integrated, multi-product, natural cycle driven, approach to sustainable 
production (North 2010:Figure 5). 
 
Though this study will call upon several examples from throughout time and 
space, particularly due to the paucity of faunal data, special consideration will be given to 
the community of Marsh Arabs, or Ma'dan people, of southern Iraq, who even through 
millennia of uncertainty and conflict, continue to call the Mesopotamian wetlands their 
home. In many ways, the traditional Marsh Arab way of life represents one such natural 
agroecosystem of which the Ma'dan are the perpetual custodians. It is a way of life where 
the marshes yield products in abundant diversity in equilibrium with nature yet due to the 
region's recent political history and ecological assault, is also one that is disappearing.  
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Figure 1.4: Images of daily life among the Marsh Arabs of Southern Iraq. Taken during a 
visit to the Chubayish marshes in January 2012.  A & D: Marshland waterbird flocks (A), 
Domestic ducks kept by the community. Flocks of seasonal and year-round waterbirds 
congregate in the Iraqi wetlands, many of which are hunted for food. Additionally, 
domestic ducks, geese, and chickens, can also be supported by marshland food sources 
and are kept for meat and eggs. B. Water Buffalo (Bubalus bubalis) wading in the reed 
marshes. Water Buffalo are economically and culturally important to Marsh Arabs valued 
primarily for their milk, dung, and hides, their meat is not eaten and upon death they are 
intentionally buried (Ochsenschlager 2014:194, 201) C & F: Marsh Arab men fishing 
(C), Fish catch brought to community by fisherman. Fishing is an incredibly important 
part of Marsh Arab life and several edible species of fish as well as molluscs thrive in the 
waters of the Tigris-Euphrates plain. E. Reed Architecture in a Marsh Arab settlement. 
Reeds and sedge-grasses are used in a multitude of ways by the community including 
construction of homes, as textiles, basketry, fodder, and various other day to day tools 
(Ochsenschlager 2014:129-169).  Photography by Demetrios Brellas, Irene Winter, & 
Stephanie Röst. 
 
 
As this research will support, the result is a system which was practiced by the 
residents of Mashkan-shapir in the 2nd millennium B.C., and which contributed to the 
livelihood of a large portion of the population. The idea of a "marshland peoples" 
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component in ancient Mesopotamian cities is not a novel supposition. Many 
archaeological reports, even in the early 1900s, have suggested that this ecosystem played 
a fundamental role in daily life. For example, Safar, et al. (1981) reporting on excavations 
from the early 1900s at Eridu interpret the presence of vast amounts of fish in the late 
Ubaid temple levels, and indeed, throughout the site, as a link to marshland culture:  
           
 A minor indication which they afford, both of the geological setting of Eridu at 
this time and of the social habits of its inhabitants, is the ubiquitous traces which they 
contained of fish, brought, no doubt, as offerings to the god, Enki, or to his more 
primitive predecessor. Here, undoubtedly, was a marsh-dwelling people, for whom, as for 
the Marsh-Arabs of today, fish was a staple diet (Safar, et al. 1981:45). 
           
 Interestingly, where most early reports are silent concerning animal bones, which 
were likely treated as part of the ambient soil matrix, if Wooley's spoil heaps at Ur are 
any indication,  they do often mention the remains of fish. This is especially true in the 
presumed context of sacrifice and burial offering, even if the remains are not specifically 
identified.  This is certainly the case with available data from Ur, Eridu, Uruk, Lagash, 
and Kish. These earlier interpretations, coupled with limited samples collected in the 
modern era, will be re-evaluated where applicable when examining the Mashkan-shapir 
data.            
 Even with the limited faunal material, through textual data, representational data 
from art and sculpture, as well as cursory interpretations of excavation material such as 
the example above from Eridu, it is clear that marshland resources played an important 
role in southern Mesopotamian urban life. Data from Pournelle (2003b)  data go far in 
outlining the pre-existing bias in archaeological theories of urbanism against the seminal 
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role of wetlands, and present interesting data on the geographic relationship between 
urban centers and their surrounding wetlands in southern Mesopotamia.  However, and 
this is solely due to the dearth of such evidence already discussed, faunal remains do not 
really factor into their discussion.         
 This analysis, does not attempt, in any way, to provide a link between initial 
urbanization and the wetland ecosystem, as Pournelle (2003b) does. Instead, the data 
presented here will show a link between the people of Mashkan-shapir and the wetlands, 
both natural and artificial, in the form of marshes, river banks, canals, estuaries, lakes, 
and even harbors. Additionally, information from an analysis of the botanical remains 
from flotation at the site during the 1990 excavations by Michael Charles, will, when 
possible, be used to help achieve this goal.  
The faunal record at the site allows us to speculate about the relationship of the 
city to the wetland resources. It also allows a glimpse into some aspects of urban life. 
Adding to the two central themes outlined above, Mashkan-shapir's faunal record also 
allows us to investigate pastoral production, agriculture, access to animal products, 
hunting of wild game, and perhaps most importantly small scale pig production. Textual 
evidence from this period, as will be discussed in a later section, associates Mashkan-
shapir with the production of wool. Additionally, as mentioned above, pigs, for which the 
textual record is essentially silent, are very common at the site. The data from Mashkan-
shapir will also be used to investigate the role of wool production, and pig husbandry at 
Mashkan-shapir and how they fit into the model proposed for the city.  
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 Though the theoretical framework and methodology (Chapters 4 and 5) behind 
this study can at times be difficult and unclear for the researcher, particularly given the 
incompleteness of the sample and the near lack of comparative data, the objectives 
themselves are quite simple and logical.  The data presented here will show that not only 
did wetland resources, such as fish, molluscs, and waterfowl form a critical component of 
life in the city, but they represented yet another source of power contributing to the 
tapestry already suggested for the socio-political organization of Mashkan-shapir by the 
work of Elizabeth Stone and Paul Zimansky.      
 The acquisition of wetland resources at the site will, furthermore, be likened to 
modern agroecosystem models in sustainable production. Elizabeth Stone has stated that 
analogies to ancient cities do not exist, instead, like many others who discuss ancient 
political organization, uses ancient or medieval analogies, such as medieval Islamic, and 
Yoruba urban centers (Stone 1991, 1995, 1997, 2008) as analogs. This study will also 
compare patterns in the fauna to contemporary and non-contemporary ancient sites. 
However, when discussing the sustainable production associated with that aspect of 
economy arising from wetland exploitations, I argue that modern analogies do exist, in 
modern sustainable wetlands-based agriculture as well as traditional marshland human 
communities, such as the Ma'dan.  
  In addition to the primary objectives outlined in this section, a concentration on 
the interpretation of faunal remains from the Old Babylonian/Isin Larsa (19th - 18th c, 
B.C.) levels at the site of Mashkan-shapir , aims to achieve the following eight secondary 
goals:            
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 1) To examine and attempt to quantify the role of wetland fauna, marine 
resources, and other wild resources in the site's economy in order to identify agents of 
hitherto not well understood agents within the proposed socio-political heterarchy, such 
as fishermen, fish traders, reed collectors, reed-crafters, gatherers, hunters, and other 
groups;     
 
2) To produce a model for the exploitation of domesticated bovids at the site, and 
integrate these models into the general subsistence patterns for the site as a whole;  
            
 3) To investigate the role of the pig as a resource at the site, and shed light on its 
role as a potential garden crop in the urban food-ways at the site as well as its relationship 
to wetland ecology;           
           
 4) To use the established recording, measurement, and analytical methods of 
modern zooarchaeology, in order to establish a reliable faunal data set for southern 
Mesopotamian sites which will be available to researchers in a field were little if any 
such data exist;          
           
 5) To produce a holistic picture of the faunal economy at the site and offer a 
model of southern Mesopotamian urbanism intimately linked to continuing wetland niche 
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resource exploitation as well as animal husbandry at the larger and household scale; 
           
 6)  To use the data to discuss patterns of socio-political and economic 
organization at the site;         
           
 7) To compare the results from Mashkan-shapir to contemporary and modern 
urban sites, with an emphasis on renewable wetland subsistence;    
           
 8) To relate this discussion to current environmental strategies in wetland 
conservation, reclamation, and sustainable resource exploitation in modern urban 
societies as well as outline some suggestions for future research in this field. 
                    
1.3 Project Overview and Outline        
 Following this introduction to the central questions and goals of this research as 
well as a brief discussion of its goals and significance, Chapter 2 will describe Mashkan-
shapir's historical, geographic, and environmental setting. It will present, briefly, an 
overview of our current knowledge on the sites significance and historical role and place 
it in the Isin-Larsa/Old Babylonian milieu of the late 2nd millennium B.C.E. The 
environmental setting of the site, primarily its relationship to water as well as discussions 
of its hinterland will conclude Chapter 2.      
 In the third chapter, the history of archaeological investigation will be 
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summarized.  First, a brief review of investigations at the site from 1987-1990 and their 
results will be provided. A detailed description of the excavation area from which the 
faunal material originated will follow. This will include contextual data for the remains as 
well as a discussion of those contexts which were the most productive for faunal material 
as well as sampling problems and obstacles encounters. A brief discussion of the effects 
of subsequent looting on the integrity of the site will conclude Chapter 3.   
 Chapter 4 presents the theoretical framework the study will use to answer its 
central questions. A series of predictive models for interpreting patterns of the remains of 
fish, aquatic birds, molluscs, and other wetland resources such as reeds will be presented. 
A presentation of similar research questions and hypothetical models for the data will 
then be demonstrated for domestic bovid as well as suid (pig) remains within the 
collection. These models will allow for the interpretation of various husbandry practices 
within patterns of secondary product intensification, rearing strategy and scale, feeding, 
household production, and redistribution. Models for the exploitation of wild game not 
included in these categories, primarily gazelle and deer will also be presented in Chapter 
4. It will also include a more detailed discussion of the central theoretical points of this 
study.          
 Chapter 5 outlines in detail the methods and analytical procedures used to conduct 
this study. Field collection methods, pre-analysis preparation, recording methods and data 
interpretation methods are outlined exhaustively in this chapter in a step by step manner. 
The preparation and acquisition of various comparative material as well as problems with 
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identification are also discussed in Chapter 5. This chapter also contains a discussion of 
the unique issues of preservation and post excavation damage which plagues the 
collection as well attempts to correct these issues.     
 In Chapter 6, the results of the analysis of faunal samples from excavation as well 
as specimens collected during systematic flotation are presented. Detailed results are first 
summarized in tabular form by area, i.e. building. Chapter 6 will also contain a brief 
summary of unpublished data from paleoethnobotanical analysis conducted by Michael 
Charles on the floral remains from the 1990 excavation. These results are then expanded 
on by context. Data are then presented for the site as a whole, as well as by context, 
species, and other criteria outlined in Chapter 4, in order to more efficiently address the 
models presented therein for patterns in the faunal data. Presentation of these results 
mirrors the structure of Chapter 4.       
 Chapter 7 will serve as the first discussion chapter which will delve deeper into 
the taxa identified at the site. It will include a summary of the findings as they relate to 
the various groups of species identified at the site. Next, the significance of each taxon, 
particularly the less well known species of fish and waterfowl, will be elaborated upon. A 
general discussion of the roles of the major domesticates will be coupled with a short 
synopsis of the less well-known species from the site and their biological, economic, and 
cultural ramifications. Diverse freshwater and marine fish are present at the site, as well 
as waterfowl and molluscs. This chapter will serve to shed light on these species before a 
discussion of the results in Chapter 8.     
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 Chapter 8 attempts to resolve the data presented in Chapter 6 with the 
hypothetical models proposed in Chapter 4 in an effort to address the central research 
questions of this study. A systematic question and answer discussion is implemented 
mirroring Chapter 4 in order to facilitate interpretation of the data based on these models. 
Comparative data from contemporary ancient sites as well as modern data on wetland 
ecology are also introduced in this chapter and woven in to the discussion.  
 In the final chapter, Chapter 9, concluding remarks are made based on the 
previous chapter's discussion. These conclusions are then used to revisit the eight 
secondary objectives of this study laid out in Chapter 1 and the degree to which the study 
has accomplished these objectives. The implication of these results to the archaeology of 
the Isin-Larsa and Old Babylonian periods and Southern Mesopotamia as a whole are 
then discussed. Suggestions for future research which may support this limited data are 
also described here.          
                    
1.4 Project significance        
 Faunal evidence is sorely lacking for large urban sites from southern 
Mesopotamia. For many of the Mesopotamian archaeologists in my generation, Iraq has 
been inaccessible. From the previous generation, those pioneers who excavated or 
revisited sites like Mashkan-shapir, Abu Salabikh, Haradum, and Nippur to name a few, 
produced viable sets of data for scientists to examine, an entire career has passed working 
in the periphery of the area, in countries like Turkey, India, or the Mediterranean. With 
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the political situation in Iraq as it currently is, coupled with the rampant destruction that 
has taken place for more than a decade in the country, the project takes on a special 
significance. It is, in many ways, a salvage operation.  For the foreseeable future, this 
analysis may represent one of the few of its type, making it even more significant for 
scholars looking to learn more about the area. Additionally, as an educator, it causes great 
concern that the wonders of ancient Mesopotamia that enchanted many of us may be 
replaced by ideas about the region mediated by political turmoil to a generation that has 
known nothing but war in the region.       
 Since the inception of the project with the preliminary analysis in 2008, it has 
undergone numerous changes, which themselves reflect the changing political and 
ideological attitudes in environmental conservation, and sustainable production in a 
world where population continues to grow, while the availability of resources has either 
stayed the same or diminished. The past decade has seen several flood-mediated natural 
disasters in coastal cities as well as a rise in pollution and contamination of aquatic and 
marine resources across the world. More recently a dialog of conservation is beginning 
between researchers in numerous natural and social sciences and various political entities 
particularly concerning the function of coastal wetlands to protect against both of these 
phenomena. The E.U. has put into effect several guidelines aimed at wetland 
conservation and sustainable agriculture in general (E.U. 2003). Several large U.S. 
coastal cities which now sit on what were once extensive wetlands such as New York 
(DEC 1997), and New Orleans (Peyronnin, et al. 2013), have begun the slow process of 
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restoring coastal wetlands. But funding for such projects is always lacking, as is an 
informed public. Growing up in the 1980's in grade school we learned about the wonders 
of the rain forest. We were told about its gift of oxygen and its hidden secrets. The plight 
of the wetlands, however, is sadly unknown to many.      
 The Earth's coastal wetlands are a not just resources to protect for what they may 
offer us, or even for how they can protect us from ourselves.  They are, as I hope to show 
here, an example of how we can look to nature for a model of our own sustainable future. 
As it was a lifeline for the ancient Mesopotamians, providing renewable food, resources, 
and security, so should it be for modern humans. If the arguments in this analysis 
contribute in any way to the dialog of wetland conservation, it will have been a triumph. 
This is particularly true because the marsh that produced the fish, fowl, and molluscs that 
fed the ancient inhabitants of Mashkan-shapir, helping them turn what might otherwise 
have been an unproductive wasteland into the greatest city of its time, is currently under 
siege. Along with it the way of life of a people who may very well represent the ancestors 
of those first few entrepreneurs who took a marsh and transformed it into a city.   
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Chapter Two:  Mashkan-shapir: The Setting 
 
2.1 Introduction           
 In this chapter, I will discuss Mashkan-shapir’s geographic setting and the 
political situation surrounding its development into a significant urban center. Special 
attention will be given to the history of the site's growth and its association with trade 
along the Tigris/Euphrates river systems. I will also describe its connection with the 
regional nomadic tribe known as the Emutbalah, as well as its role in the history of the 
Larsa kingdom. A brief introduction to the urban landscape of the site will be provided 
based on the extensive survey and soundings carried out by Elizabeth Stone and Paul 
Zimansky in the 1989 and 1990 field seasons (Stone and Zimansky 1994, 2004; Stone, et 
al. 1991). The aim of this chapter is to place Mashkan-shapir within the socio-political 
realm of southern Mesopotamia at the turn of the second millennium.              
                    
2.2 Site Location & Geography       
 The ancient city of Mashkan-shapir lies between 32° 24ʹ 19ʺ and 32 °24ʹ 48ʺ 
latitude and 45° 13ʹ 31ʺ longitude (Stone and Zimansky 2004:9). The tell,  known by its 
modern name of Tell Abu Duwari, is situated near an ancient watercourse of the Tigris 
river and lies approximately 30 kilometers due north of Nippur (Stone and Zimansky 
2004:9) (Figures 2.1, 2.2).  This location represents one of the northernmost points of 
convergence of the Tigris and Euphrates river systems, thereby allowing water based 
trade and navigation between them (Stone and Zimansky 1992:212).   
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Figure 2.1: Map of Iraq and neighboring countries indicating location Mashkan-shapir 
and neighboring sites referred to in this study.  
  
 The area would have played a critical role in the struggle for control of the 
waterways between the largest regional cities during that time period; Isin, Larsa, 
Eshnunna, Babylon, and Elam (Stone and Zimansky 1992:212). Figure 2.3 below 
provides a regional map of the site indicating its relationship to ancient watercourses 
which would have existed during the early 2nd millennium. In the years between the 
expulsion of foreign archaeologists from Iraq in the early 1990s and today, satellite 
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imagery presented a way to study the southern Mesopotamian landscape remotely, and 
many such studies, which also incorporated existing survey data for the region, resulted 
in a detailed picture of the ancient hydrological landscape.  Based largely on previous 
survey data compiled by Adams (1981) as well as satellite imagery from Stone (Stone 
2003, 2012) and similar examination of satellite data from (Pournelle 2003a, 2007) 
researchers have a somewhat reliable picture of  the ancient waterways surrounding the 
site of Mashkan-shapir.         
 Survey and excavation at the site from the late 1980s to the early 1990s provided 
an opportunity to ground truth these studies and examine these relict waterways first 
hand. These Ancient waterways would have served a strategic trade role, but also 
provided much needed resources in the form of water, and wetland flora and fauna to the 
site. The site itself is a low-lying mound, whose surface rarely rises higher than two 
meters above plain level and its walls enclose approximately 72 hectares (Stone & 
Zimansky, 2004: 11). Currently, the closest significant body of water to the site is the 
Hawr Al-Dalmaj basin, alternatively referred to as Lake Dalmaj or Dalmaj Marsh. The 
ancient hydrology of the basin, as I will discuss in the next section, is not well 
understood. It may represent a more modern hydrological feature or at least one whose 
size has varied wildly in the past. At present, the Dalmaj basin represents a mixed 
marshland lake environment, and approaches the site at a distance of 1.8km due southeast 
from the edge of the city wall (Figure 2.4). 
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Figure 2.2: Google Earth image detail of the south-central Mesopotamian flood plain 
showing Mashkan-shapir in relation to nearby urban site and environment.  
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Figure 2.3: Map of Mesopotamia showing the relationship of Mashkan-shapir and nearby 
sites to ancient watercourses of the Tigris/Euphrates system in the 2nd millennium B.C. 
Rendered in Adobe illustrator from Stone and Zimansky (1995:62). 
Though it is difficult to determine the extent of the site based on the topography, 
it is directly comparable in size to other large sites in the region such as Ur. The 
environment of the site, at the time of the study in 1990 was described as an arid desert 
floodplain, characterized by high winds, dust storms, and strong ventification processes, 
where excavations were often backfilled by aeolian accumulations overnight (Stone and 
Zimansky 2004:18).  
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Figure 2.4: Google Earth image of site showing proximity to Hawr al-Dalmaj Basin 
(1.8km from city wall to marsh edge).  Outlines of site features approximated from most 
recent satellite imagery analysis in (Stone 2012:67)  
Textual evidence, satellite imagery and preliminary archaeological evidence at the 
site, however, suggested that the ancient environment of the city was quite different. 
Though the history of the site's occupation and role in Mesopotamian history will be 
discussed in the next section, it is important to note here, that geographically, the city was 
transected by a series of canals (Figures 2.5, 2.6). Stone and Zimansky (2004:24) argue 
that the canals served the dual function of transportation as well as water source for 
agriculture. What concerns this study is the obvious, yet overlooked, third function. 
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Namely as a source of plant and animal resources in their role as artificial wetlands. 
Canals and their water, as will be discussed in subsequent chapters, also served this role. 
As did those of the rivers, marshes, streams, and lakes the waters of the canals also 
brought fish, birds, molluscs, and reeds with them. Additionally, as the data will show, 
they also brought life to the date palm orchards and gardens which dotted the site. 
Figure 2.5: Map of Site indicating canals and sectors of city. (A) Taken from Stone and 
Zimansky (2004:12:Fig.15) with layout based on survey and satellite data in 1990. (B) 
An updated view of canals and sectors of the city based on new satellite imagery of the 
region (Stone 2012:67:Fig.61), potentially eliminating some features originally mistaken 
as ancient canals, later shown to be modern canals. 
 To establish the ancient watery environment of the site I describe above, I will 
present results of geological studies conducted by Wells (2004:18-25) at the site during 
the 1990 field season.  A rigorous program of core sampling at various key zones both 
inside and outside of the site was designed to examine the impact of riverine processes of 
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aggradation, migration, and avulsion on the site and its environs (Wells 2004:12). 
Samples taken from the major canals, as well as the harbor contexts, indicate a high 
degree of fluvial activity at the site during the post Uruk and Old Babylonian periods 
(early to middle 2nd millennium B.C.).  These samples indicates that at the time of the 
Old Babylonian occupation a major water course, was at close very close proximity to the 
site based on the presence of substantial fluvial deposits  (Wells 2004). Additionally, arid 
periods of little or no fluvial deposition were identified at the site in the periods before 
and after the city’s boom during the Old Babylonian period. After the middle of the 
second millennium B.C. in fact the sediments suggest the site was a completely arid flood 
plain, remaining so for nearly two thousand years until the Parthian period, when the data 
indicate conditions similar to those today.       
 The degree of fluvial activity recorded in this cores during the Old Babylonian 
occupation, suggests a water course of significant size in the area, perhaps even the Tigris 
itself. At the time, the Tigris was thought to flow at or near it current bed just 25 km to 
the east (Stone and Zimansky 2004:16-17).  This research at the site aided by satellite 
imagery has been able to confirm that a tributary of the Tigris, or even the ancient river 
itself, came very close to the site during its floruit in the early 2nd millennium (Stone and 
Zimansky 1992, 1994, 2004; Wells 2004).        
 In Addition, as will be described in the next section, the very selection of the site 
of Mashkan-shapir for expansion and urbanization by the kings of Larsa may have been 
motivated by access to an existing network of canals in the vicinity of the site, which 
linked the southern Euphrates to the middle Tigris, allowing for an alternate route for 
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trade and further emphasizing the role of water to the city (Stone and Zimansky 2004:30). 
          
Figure 2.6: Google Earth satellite image of Mashkan-shapir showing relict canals and 
features. 
           
 The proximity to the rivers, lakes, canals, and networks of waterways mentioned 
here, and their incorporation into the city plan, paint a picture of the site as a different 
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kind of city.  It suggests a city where the urban and the wild meet producing a populous 
center in harmony with its surroundings. Modern cities, such as New York and Boston, 
speckle their urban landscape with trees, parks, and ponds, in an attempt to green their 
cities. This is perhaps a common phenomenon world-wide. At Mashkan-shapir and at 
other cities like it, the water which flowed from the rivers through the canals and through 
the very cities themselves, served more diverse functions than we can readily see based 
on the city plan. They served as a permanent link to the wetland ecosystem, which far 
from being a murky uninviting swamp, was in actuality a lifeline that connected ancient 
Mesopotamians to their environment in a way which is rare in the west today.  
                    
2.3 The Historical Setting        
 By the second millennium B.C., southern Mesopotamia had already seen its share 
of city states and large empires. The region had already seen the rise and fall of the 
Akkadian empire of  Sargon and Naram-sin (2334-2193 B.C.) as well as that of the Third 
Dynasty of Ur (2112-2004 B.C.) (Oppenheim and Reiner 1964; Potts 1997). The story of 
the site, as compared to that of many southern Mesopotamian centers, is quite a short one, 
though not without political intrigue and cultural significance. Unlike most tell sites, it 
hardly rises more than 4 meters above the level of the plane and the overwhelming 
majority of surface features examined by Stone and Zimansky (2004) belonged to the 
Isin-Larsa/Old Babylonian cultural levels of the early second millennium B.C.. The 
historical context of the site during this period, will be the focus of this section. 
 Geoarchaeological investigation at the site show that it was occupied during three 
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distinct periods, each separated by nearly 1000 years of inactivity (Stone and Zimansky 
2004:25). The most substantial occupation of the site, occurred during the Old 
Babylonian Period, framed by the building of its city wall by Sin-Iddinam (1785-1778 
BC) and its swift decline shortly after the reign of Samsu-Iluna (1749-1712 BC).  The site 
was abandoned except for a short lived Parthian occupation some thousand years later. 
 Based on several tablets excavated at other large southern Mesopotamian urban 
centers, the city is known to have served not only as the second capital of the kingdom of 
Larsa during the early 2nd millennium, but as a tribal capital of the Emutbalah tribe as 
well (Stone, 1990:141).  Following shortly after the collapse of the Ur III Empire, the 
cities of Isin and Larsa struggled for power, with Larsa eventually coming out on top, 
allowing the small settlement at Mashkan-shapir to rise to become a large influential city. 
 A narrative of  Mashkan-shapir's history is provided by Steinkeller (2004), via a 
translation and interpretation of the various texts found at the site. Table 2.1 Provides a 
summary of the chronology of the site based on arguments presented by (Steinkeller 
2004:26-42). Mashkan-shapir, represents a site, in many ways, that is a perfect snapshot 
of what urban life was like in Southern Mesopotamia. From its very rural nature as a 
village of Amorite, likely Emutbalah pastoral herders during the Ur III period, it 
underwent an almost unbelievable transformation in the earliest centuries of the second 
millennium into a highly urban metropolis, comparable in size to Ur and Eridu.   
 Through its strategic location and political position did not last long, receding into 
the desert in the late 1700s BC, in the 120 or so years that it functioned as a strategic 
urban center for trade along the waterways of the Tigris and Euphrates, it provided 
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perhaps the most accessible and complete "map" of what a living Mesopotamian city may 
have looked like. Though the specific chronological events in its history are not 
immediately relevant to the current study, the connection of the site to water, as well as 
the neighboring pastoral tribal groups, will be discussed further in subsequent chapters.
 The aim of this section is to emphasize the relative brevity of Mashkan-shapir's 
history. This short chronology of events, as already mentioned, was, in fact the reason for 
which the site of Mashkan-shapir was chosen by Stone and Zimansky's team. To test their 
models of what a decentralized city, with a heterarchical power structure would look like 
required a specific kind of site. As Stone (1990:143) explains: "Only at a site whose 
component parts-palace, temples, residential quarters, manufacturing areas, harbor and 
city gates-were readily discernible would it be possible to determine whether those 
features were dispersed in the manner predicted for decentralized cities".  Indeed such a 
site differs significantly from the usual Mesopotamian tell site, which span millennia, 
often even into the modern era, making it very difficult to isolate a single period, let alone 
form meaningful conclusions about it.       
 The site and its historically limited, yet highly urban nature made it the perfect 
testing ground. In Chapter 3, results of the research of Stone and Zimansky, in relation to 
these ideas will be discussed further. These will also form the theoretical basis for the 
analysis of faunal remains central to this study, which I will introduce in Chapter 4. 
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Period Reign & *Date B.C.  Event Attested by Text City Status 
A
kk
ad
ia
n 
Sargon? 
2334–2279 
Tablet from Nippur mentions escaped 
slave fleeing to "Mahskan-shapir" 
Presumed to be a 
village or hamlet 
based on interpretation 
of term "mashkan" 
U
r I
II Shulgi 
2094–2047 
Three named Emutbalah tribal 
shepherds managing herds belonging to 
Shulgi 
Suggests pastoral 
village of Emutbalah 
tribe 
U
r I
II Amar-Sin 
2046–2038 
Multiple stamped bricks with standard 
Amar-sin inscription suggest 
government building 
Some public building 
but no change in status 
La
rs
a 
St
at
e Zabaya  
1941 - 
1933 
Mashkan-shapir in firm control of 
Larsa state. Zabaya tablet indicates site 
controlled by Larsa state.  Clay nail 
suggests public building 
Emutbalah association 
continues, but no 
change in status 
? 1933-1865 
BC 
Mashkan-shapir Lost to Larsa. Year 
named for its retaking.  - 
La
rs
a 
St
at
e Nur-Adad 
1865-1850 Mashkan-shapir under Larsa Control 
No Status change from 
village 
La
rs
a 
St
at
e Sin-
iddinam 
1850-1843 
Built City Wall, Dedication of Wall to 
Nergal, Greatly Expanded City 
Site expanded and 
urbanized, now 
northernmost outpost 
of Larsa kingdom.  
Co
nt
es
te
d Kudur-
Mabuk, 
Warad-Sin,  
1835-1823 
City becomes strategic location. City 
lost and regained by Warad-Sin.  
City status, part of 
"Emutbalah State" in 
northern Larsa 
kingdom 
La
rs
a 
St
at
e Rim-Sin I 
1822-1764 
Construction & Canal Building at city. 
Second capitol of Larsa State.                                     
Rim-Sin's Brother, of Emutbalah tribe, 
is its ruler 
Golden Age of city 
O
ld
 
Ba
b.
 
Hammurab
i 1764 
Hammurabi conquers Mashkan-shapir, 
refers to Nergal temple in law code 
City begins its swift 
decline  
O
ld
 
Ba
b.
 Samsu-
iluna 1750 
-1712 
Site is abandoned, as are many sites in 
region                                                   
shift in river regime a potential cause 
City abandoned for 
nearly 1,000 years 
until the Parthian 
period 
Table 2.1: A Chronology of Major Events in the History of The City of Mashkan-shapir 
from (Steinkeller 2004) and (Stone and Zimansky 2004) *Middle chronology dates. 
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Chapter Three: Archaeological investigation at Mashkan-shapir 
 
3.1 Introduction to Project         
 The fortuitous circumstances leading to the discovery of ancient Mashkan-shapir 
are an archaeologists dream. The site was one of several in the area identified by earlier 
surveys which was thought to be a candidate for Mashkan-shapir. In the late 1980s, the 
Tell, referred to by the locals as Tell Abu Duwari, was selected for intensive survey and 
excavation by a team led by Elizabeth C. Stone and Paul E. Zimansky of Stony Brook 
University. The site, as I have illustrated, represents a single period snapshot of urban life 
in Southern Mesopotamia during the. Among the finds during preliminary surface survey 
of the city walls, was incontrovertible proof of the city’s identity.  Dedicatory inscriptions 
commemorating the building of the city wall by Sin-idinnam (1850-1843) found near the 
city gates identified the site as ancient Mashkan-shapir by name (Stone and Zimansky 
1994:141)           
 The results of three seasons of investigation at Mashkan-shapir, regrettably cut 
short by the onset of the first Persian Gulf War, produced a bounty of information for 
researchers. The city's layout, distribution of surface artifacts, and a program of 
soundings and full-scale excavations at the site, went further in discerning ancient urban 
dynamics in southern Mesopotamia in three years, than over a century of excavations at 
other sites. In combination with satellite imagery and aerial photography, a remarkably 
detailed plan was produced for the site (Figures 3.1, 3.2). Incidentally, the building 
inscription shown also provides vital economic information on the values of various 
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commodities (if taken at its word), which will be incorporated into the discussion of 
animal resources at the site. 
         
 
  
Figure 3.1: Revised city plan combining new satellite data (Stone 2012:Figure 1) with 
survey data.  
           
 The results of the Mashkan-shapir investigation went very far in illuminating the 
organizational processes at work in urban centers of southern Mesopotamia, where spatial 
data, artifact distribution, imagery and excavation results supported a model of a 
decentralized urban center, and a heterarchical or consensual, power structure at the site. 
In this section, a short summary of those results will be provided. Additionally, the  group 
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of buildings along a central street adjacent to one of the cities canals in the western sector 
and a small sounding in the central mound whose faunal material form the basis of this 
investigation will be outlined here.  
                        
 
Figure 3.2:  Satellite Image Showing both excavation areas from the 1990 season. 
Modified from (Stone and Zimansky 2004:251-253)  
 
3.2 Results of Archaeological Investigations at Mashkan-shapir   
 As discussed in the introductory chapter of this study, in the 1970's and 80s, new 
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models for understanding the ancient Mesopotamian urban phenomenon began to appear 
in the archaeological literature. The site of Mashkan-shapir was chosen for intensive 
ground survey, soundings, and excavation spanning 3 seasons between 1987 and 1990.  
Given the largely single period nature of the site, and exceptionally fortuitous conditions 
during research many of these goals were indeed achieved by the research team (Stone 
2012; Stone and Zimansky 1989, 1992, 1994, 1995, 2004; Stone, et al. 1991).  
Archaeological investigations of ancient Mashkan-shapir took place during three seasons 
of work from 1987 to 1990, when the outbreak of the first Persian Gulf conflict put an 
abrupt end to the teams research (Stone and Zimansky 1994).  After probative research 
and preliminary assay of satellite imagery the site of Mashkan-shapir, referred to in the 
earliest reports from the site by its presumed modern name, Tell Abu Duwari, was chosen 
as the target site for archaeological research.     
 Working on the basic assumption that the distribution of people and institutions 
within cities reflects the overall structure of the society as a whole (Clark 1982:141), 
Stone and Zimansky devised a testable model of urbanism in southern Mesopotamia 
based on decentralization, a high degree of social mobility, and a heterarchical power 
structure, as mentioned in a previous section. Chapter 4 provides a summary of this 
model based on criteria outlined in several published sources by the principle 
investigators at the site (Stone 1991, 1995, 1997, 2008; Stone and Zimansky 1994, 1995, 
2004). Mapping the location of artifacts in the survey of a large portion of the site, they 
were able to produce a very detailed picture of the artifact distribution, neighborhood 
structure, and an architectural plan of the site. This was due in part to the single period 
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nature of the site, but also the result of processes of ventification and Aeolian deposition 
at the site. Such processes tended to clear away smaller artifacts and leave the 
foundations of the structures (though their superstructures severely eroded)  near to the 
surface (Stone and Zimansky 1994).        
 Survey distribution data was produced for a variety of artifacts when attempting 
to assess craft specialization and its spatial distribution at the site. Additionally, the team 
was able to identify a hitherto unknown industry, which involved the manufacture of 
pseudo-basalt grinding stones from ceramic slag (Stone, et al. 1998). In fact, during the 
first (and only) field season of the Tell Sakhariyah project in the vicinity of Ur in 
2011/2012, of which I happened to be a member, we were able to identify similar false 
basalt grinding stones at that site as well. It is possible, and likely, that much of what is 
called ceramic slag in reports from southern Mesopotamia may indeed serve this purpose. 
Evidence of this industry, as well as weaving, metallurgy, ceramic production, cereal 
processing, and decorative arts were plotted by site distribution to help understand the 
organization at the site.       
 Overall, the distribution of artifacts at the site supported a model in which 
craftsmen and various professions were distributed fairly evenly throughout the site, with 
the exception of more noxious industries which were separated from areas of residence. 
Additionally, Stone and Zimansky argued that the separation of the temple and palace 
complex from one another, and their placement in opposite peripheries of the site, 
signaled a separation of these institutions, more in line with their decentralized urban 
model, particularly when new satellite imagery was made available allowing the clear 
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identification of a palace structure in the northern sector of the site (Stone 2012).  
 The organization of the canals, as argued by Stone (1997) served the dual function 
of delineating the activity areas of the city and linking it with its hinterland as well as its 
harbors which may be the quays referred to in texts as run by particular guilds of 
merchants. These quays, are identified in textual sources as centers of external trade and 
are were home to a specific guild of merchants (presumably involved in waterborne trade 
and fishing) but it is not clear whether the term refers to the city’s harbors or to other 
such ports beyond the city walls.  In any event, these intramural havens clearly played an 
important economic role, and it is noteworthy that they are located away from the large 
political and religious institutions (Stone 1997:19). In fact, it is the role of these quays, 
which I will attempt to shed more light on using the faunal remains, particularly the 
analysis of freshwater and marine species at the site, and their role in the sociopolitical 
organization of the site.         
 Another type of find which was unusually common at the site were model 
chariots. Miniature clay chariots, complete with wheels in many cases (Figure 3.3) were 
quite common in survey and excavation at the site. Though the interpretation of these 
chariots is still uncertain, Stone (1993) argues that at Mashkan-shapir the most common 
types are decorated with imagery of the god Shamash or the titular god of Mashkan-
shapir, Nergal, the god of the underworld,  the Mesopotamian equivalent of the Greek 
Hades. Though other ceramic models, including beds, and boats, were common at the 
site, these were the most common. Their presence, though seemingly more concentrated 
in the western sector of the site, was fairly well distributed throughout.  Along with the 
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distribution of certain other luxury, craft based, and common artifacts and an analysis of 
buildings styles and their variation, the study was able to show that the neighborhoods, as 
predicted, did indeed contain a mixture of class groups, supporting the decentralized, 
socially mobile model for the city (Stone and Zimansky 1995, 2004).   
 
Figure 3.3: Model Chariot from Mashkan-shapir (Stone 1993:86)    
           
 In addition to the distribution of finds, the makeup of internal neighborhoods, and 
the placement of the temple and palace, and the function of the canals, Stone (1997) also 
argues that streets served a parallel function to canals and were linked via bridges over 
the cities canals. Areas of the city cut by canals, may also have further served to quarter 
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cities by cutting them into roughly 1 hectare blocks. Additionally, she argues that the 
various substantial walls such as those separating the administrative and cemetery areas 
at Mashkan-shapir serve to provide further delineation between the various institutions 
(Stone 1997), essentially marking them off as separate or independent.   
 In addition to the results presented above, a small amount of faunal material from 
early soundings was also analyzed by Richard Meadow of Harvard University and 
published in Stone and Zimansky (1994:156-160). Though the sample size was very 
small (less than 100 NISP), some patterns were already suggested that showed promising 
possibilities towards accomplishing the goals of this study.     
 Table 3.1 summarizes results of Meadow's taxonomic identification at the site.  A 
pattern in the ovicaprid (sheep/goat) remains at the site emerged, showing a bias towards 
sheep in the collection. Sus scrofa (pig) remains also formed a substantial portion of the 
1987 sample.  The 1987 analysis also identified members of at least three different avian 
species of varying sizes, as well as Cyprinid and Sparid fish. As the current analysis will 
show, these species are only the tip of the diversity that the site assemblage suggests.  
 
 
 
 
 
 
 
   
  48 
          
  Mammal Bones from 1987 Season  
   
              
NISP 
              
%NISP   
  Sheep/Goat 16 23   
  Ovis  aries 6 9   
  Ovis aries and Sheep/Goat 22 32   
  Sus scrofa 14 20   
  Domestic cattle 1 1   
  Medium mammal 27 39   
  Medium/large mammal 1 1   
  Large mammal 3 4   
  Small Mammal 2 3   
       
  Bird Bones from the 1987 Season     
   
               
NISP 
           
%NISP   
  Anser sp. 1 5   
  Large Ducks 8 38   
  Medium Ducks 5 24   
  Small Ducks 6 29   
  small birds 1 5   
       
       
  Total Fish NISP: 18     
        NISP    
  Non-ID Sparidae:          1    
  Non-ID Cyprinidae:          7    
          
Table 3.1: Analysis of faunal Material from the 1987 Season at Mashkan-shapir adapted 
from Meadow (1990).         
 
 Meadow's analysis of the skeletal part distribution also suggests a pattern of lower 
limb elements dominant in the collection of ovicaprids, while the suid remains have 
better overall representation of the entire skeleton. Though the 1987 sample size was 
small, as we shall see, the overall patterns suggested by the data for this sample, is indeed 
repeated in the results of my analysis of the 1990 material.  
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 Based on this limited assemblage, Dr. Meadow almost prophetically suggests that:  
"…the small sample of faunal remains reported here indicates the exploitation of a wide 
range of habitats by the ancient inhabitants of Tell Abu Duwari. These include the urban 
environment itself (pigs) as well as adjacent steppe (sheep and goats) and aquatic 
freshwater (molluscs, fish, water fowl) and marine (fish) zones" (Meadow 1990:160). 
These are precisely the issues which the current study will investigate. It is a diverse 
faunal economy such as the one I suggest above, which I will show in the following 
chapter fits best into the model of southern Mesopotamian urbanism as a decentralized, 
heterarchically dynamic phenomenon. Additionally, it is precisely this diversity, as well 
as the vitality and productivity of the Mesopotamian wetlands which suggest that this 
represented an inherently sustainable strategy for city dwellers of the southern 
Mesopotamian alluvium.          
                   
3.3 The 1990 Excavation Area -Study Sample Contexts    
 Faunal material analyzed in this study was derived from a set of five buildings 
along a central street in the western sector of the city, directly adjacent to the western 
canal. Additionally, this study included material from a small (5x5m) sounding just east 
of the canal and nearly 75m southeast of the building complex. A composite satellite 
image of the target area is shown in Figure 3.4.  The selection of these buildings by 
Stone and Zimansky was originally due to the belief that they represented administrative 
buildings. Based on findings of sealing and one fragmentary accounting text, as well as 
the large, seemingly well planned architectural plan of the buildings in this area, the 
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assumption that these buildings were part of an administrative area was not an illogical 
one. However, the nature of these buildings, almost as soon as excavation began, started 
to come into question. This discussion, particularly relevant to the current study, as these 
buildings are the major source of faunal material, is best outlined in Stone (2012).  
 As part of a general overhaul due in part to new satellite data for the region, as 
well as the continuing study of the Mashkan-shapir excavation material by Elizabeth 
Stone and Paul Zimansky, this publication re-examines the nature of these buildings.  The 
major contradictory findings to the suggestion that they represent administrative 
buildings are: 1) the presence of numerous fire installations, tanours, and burned features,  
2) The common occurrence of infant and juvenile vessel burials within the rooms of the 
structures,  3) The evidence of deliberate burning and processing of animal bones, 
particularly those of fish within burn features, and,  4) Fragments of ceramic and animal 
bone in and amongst floor levels within the contexts.      
 The main arguments supporting an administrative function are quite weak in 
comparison. The supporting findings for an administrative function given include the 
discovery of numerous unbaked clay sealings, chunks of bitumen retaining the 
impression of reed bundles and one readable tablet recording a list of boat shipments 
(Stone 2012:71). It is also suggest that the high concentration of model chariot fragments 
in this area may suggest a non-residential function, as these contained iconography 
associated with both Shamash (titular god of the capitol at Larsa) as well as Nergal 
(titular deity of Mashkan-shapir). Since textual records mention that the Emutbalah-
lineage kings built their palace here, this combination of divine iconography (Stone 
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2012:70-71) was also thought to provide some credence to the assumption that these 
represented an administrative center associated with a palace.    
 A far more likely interpretation of these enigmatic buildings is that they are 
largely residential, but may in fact house individuals involved in water-based trade or 
shipping. Indeed, Stone (2012:71), does ultimately suggest this duality in function. Along 
with the material from this area, I also had full access to the field notes in from the 
excavations to help understand the contexts from which these samples came. Though in 
depth publication of excavated material is not yet complete, I believe that the 
interpretation of these as largely residential structures will be adopted with more 
certainty. Identification of re-working of walls, blocking of doorways, 
compartmentalization of interior spaces, as well as the frequency with which the 
excavators refer to burned deposits, all suggest to me structures that weren't strictly 
managed by any administrative entity. Certainly if they began as such, given their robust 
plan, this is not the state in which they came to be used. As such, I present here, a short 
description of these structures, the contexts they contain, and their relevance to the faunal 
analysis that will follow. 
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Figure 3.4:  Overhead aerial view of main excavation area (Stone and Zimansky 
1994:448) 
           
 These buildings adhere to roughly the same architectural theme, consisting of an 
open courtyard (lacking a roof) leading into a series of interior rooms. Building 
construction is largely of mud-brick, though baked brick walls, supports, and features are 
also present, though less common. It is also important to note that though the architecture 
follows this courtyard plan, there does not appear to be strict adherence to a particular 
entry pattern, as courtyards may open onto the street, the canal's bank, or "yard" spaces. 
Additionally, Both rooms and courtyards contain fire installations, primarily, tanours and 
hearths, as well as some peculiar fire features. Based on fragments of preserved bitumen 
uncovered from these structures (Figure 3.5) which retain impressions of reed textiles, 
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baskets, or other reed-based textiles and objects. The presence of these reed impressions 
as well as the ubiquity of reed parts in botanical samples also suggests that room floors 
were covered in reed mats, though one would not expect these to contain bitumen. Reed 
crafting certainly played a critical role at the site and as ethnographic evidence also 
suggests, continues to do so in the lives of the modern Ma'dan (Jassim 2012; Kubba 
2011; Ochsenschlager 2014; Thesiger 2007; Young 2011).     
  
              
Figure 3.5: Molds of impressed bitumen retaining reed textile patterns from site (Stone 
and Zimansky 1994:450).     
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 The excavated material originates from these buildings as well as several exterior 
areas consisting mostly of the central street and features therein. These exterior spaces, 
however, also include several open spaces lacking architecture, which for the sake of 
reference I have labelled "yards", as well as two smaller "Alley streets" oriented in a 
perpendicular position to the central avenue between buildings. Additionally, the exterior 
spaces include a large open area to the south of the central avenue lacking architecture, 
which I have labeled the "central square" as well as a portion of the bank of the canal 
itself. Figure 3.6 contains a labeled map of these buildings and exterior spaces as well as 
the terms I will use to describe these contexts throughout this analysis.  These contexts 
fell into 5 major types; rooms, open courtyards, exterior spaces, streets, and burnt 
features (exterior and interior). The construction of these buildings is largely of mud-
brick. Buildings A, B, C, & E are of mud-brick construction, but sometimes include 
baked brick substructures, features, and additions.  Building D, on the other hand is built 
on largely on a baked-brick foundation (Stone and Zimansky 1994:448-450).  
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Figure 3.6: Plan of 1990 Excavation Area: Building Complex. Sketch created by 
Demetrios Brellas from unpublished field notes using Microsoft paint.  
  
The plan of Building A was completely revealed by excavations in the 1990 
season (Stone and Zimansky 1994:449). This structure consists of a large courtyard with 
an entrance to the building facing the central avenue in the east.  The structure was the 
largest building in the complex (Stone and Zimansky 1994:448),  approximately 20x10m 
in size. Along the courtyard were a series of ten small rooms, the largest of which is 
approximately 5x5m in size. Several fire installations and a tanours are distributed 
throughout the structure. The courtyard of Building A contains a baked brick oven along 
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the northern wall as well as two separate fire installations. The fill of this courtyard is 
rich in ash and burned debris (Stone and Zimansky 1994:448).  Additionally, several 
small, not clearly defined ash features are also common within the rooms of this building. 
Faunal material and was excavated from all of these contexts and several soil samples 
were also taken for flotation (Stone, et al. 1991).     
 Building B lies directly to the north east of Building A, separated from it by a 
narrow (2m wide) alleyway(Stone and Zimansky 1994:449), dubbed "West Street" for 
the purposes of this study. This building, also of mud-brick construction had a very 
similar design to Building A, with a 10 x 5m courtyard opening on to the central avenue 
to the east. The courtyard, in turn, leads into a series of small rooms directly to the 
northwest (Stone and Zimansky 1994:449). At least 4 such rooms were excavated, though 
it is likely Building B extends in the northeasterly direction.    
 A second opening on to the central avenue  further to the northeast of the 
excavated portion of this building was also uncovered during  excavation yet it is unclear 
whether this represents a second courtyard or an opening into a room or other entrance 
structure (Stone, et al. 1991). The courtyard of Building B was also filled with ash and 
burned debris and circular fire installation was uncovered directly behind the courtyard 
door alone the eastern wall In addition to these contexts, there were also a number of 
undefined, primarily ashy features also sampled for faunal material. To the west of the 
building's western exterior wall, an outside area lacking architecture has been labeled 
"West Yard".          
 Building C lies directly southwest of Building A, sharing a group of party walls 
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with that structure. The design of Building C is anomalous, with a large (10x5m) 
courtyard, which does not open onto the avenue or any other exterior space. The only 
courtyard uncovered which is not an entrance courtyard, it is instead approached from an 
opening in an entrance room or "hall" onto the "central square" area, representing a 
widened exterior space fed into by the central avenue, likely representing an intersection 
or "Plaza" between these buildings (Stone, et al. 1991).  This entrance room is itself 
flanked by at least four small rooms. This rear courtyard contained similar fire 
installations, tanours, and ash features, as do those in the rest of the buildings. An outside 
space, labeled "Middle Yard" is located just west of the western rear courtyard wall.  
 Flanking the eastern side of the central avenue and just west of the bank of the 
canal are Buildings D, and  E. Building D, approximately 22m long by 8 m. wide, is 
perhaps the most unusual of the group. Its foundations are composed almost entirely of 
baked brick, and it appears to have two courtyards. Courtyard 1, the southernmost 
courtyard, opens to east facing what may be the eroded bank of the canal. An entrance 
room, opening onto the central avenue in the east also leads to this main courtyard. To the 
north of courtyard 1 an entrance exists to yet a second courtyard, lined with at least 3 
additional small rooms. These rooms had no special features and yielded few objects 
(Stone and Zimansky 1994:450), though the courtyards did indeed contain a fair share of 
animal remains. This building, like, like buildings B and E was also not completely 
excavated though a general idea of its shape is possible from the excavation plan and 
survey data (Stone, et al. 1991). Excavators also documented a fair amount of reworking 
of the second courtyard space with mud brick architectural features or alterations (Stone, 
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et al. 1991).          
 Material from Courtyard 1, Room 1, and the exterior central square area to the 
south was used to conduct a pilot study of the site fauna. This material was therefore used 
to formulate a methodological approach to the zooarchaeological assemblage as a whole, 
as these areas were quite diverse and had an adequate sample size for preliminary data 
This pilot study was conducted at Harvard University under the supervision of Richard 
Meadow, and the results were used in support of the dissertation proposal which preceded 
this analysis. Figure 3.7 provides a summary of these preliminary results for species 
abundance.             
       
Figure 3.7: Results of Building D pilot study sub-sample: Species abundance  
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Figure 3.8: Results of Building D pilot study sub-sample: Age profiles for ovicaprids by 
fusion category. These results indicate of assemblage dominated by older sheep whose 
late fusing epiphyses are largely found fused 
 
 
        
Figure 3.9: Results of Building D pilot study sub-sample: Age profiles for pigs by fusion 
category  
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 With a sample size of just over 300 fragments, I found remarkable similarity to 
the pattern encountered by the 1987 material by Richard Meadow. Though this pilot 
study was a simple comparison of courtyard and "outdoor" material, it did suggest an 
indirect access to sheep skeletal parts, at the site, while piglets seemed to be present in 
complete status among the remains. This suggested that there may be a redistributive 
process at play when it comes to sheep. Additionally, age profiles for sheep showed a 
prevalence of older individuals in the collection, and though the sample size was too 
small to speak of sex and to provide any real resolution, this information suggested wool 
as the primary goal of production, as was supported by the textual record. Lastly, the 
diversity of wetland and wild fauna that I had not originally considered as part of this 
study, even in such a small sample, was striking. Overall, the Building D subsample used 
for the pilot study was instrumental in formulating the research design of the current 
project, which will be outlined explicitly in the next chapter.    
 Continuing with a brief survey of the architectural units excavated in 1990, the 
last, and perhaps least well understood of these buildings is Building E. No doorways 
were discovered, despite intensive searching (Stone and Zimansky 1994:451) Also along 
the eastern side of the central avenue, it is directly northeast from Building D, with a 
narrow (approximately 2m wide) alley separating these buildings, referred to in this 
analysis as "Canal Street" as it appears to continue eastward towards the bank of the west 
canal.  A courtyard was also not discerned for this structure, yet it must be noted that only 
a small portion of this building was excavated. and the architectural plan is not clearly 
understood (Stone, et al. 1991).       
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 Though the overwhelming majority of the excavated faunal material came from 
the excavated complex of buildings described above, a 5x5m meter sounding, called 
4h95III was also excavated in the 1990 season. This sounding, located about 60m 
southeast of the building complex, on the eastern side of Canal, is situated in the central 
mound of the site. Results of the excavation of this sounding were published in (Stone 
and Zimansky 2004:392-396). The sounding consisted of a simple "T-shaped" cross wall 
and three distinct contexts or Loci, consisting largely of a latrine deposit, and trash pits. It 
is, however, that several worked pieces of bone as well as a small bead were found by the 
analysis. Indeed statistical analysis of the worked astragali from this sounding, indicate at 
least two different "gaming systems" may have been played using these and other worked 
bone dice from the site.        
 Compared to the overall size of the site itself, the area selected for excavation 
represents but a small sample of what is available.  It is, after all, the culmination of one 
season's work at the site. Optimistically writing in her final report for the 1990 
excavations,  "By continuing this program in future seasons, we hope to delineate 
differences in the various functional areas of the city" (Stone and Zimansky 1990), 
Elizabeth Stone and Paul Zimansky had hopes of ongoing excavation at the site. Sadly, 
however, with the Iraqi invasion of Kuwait and the ensuing war, they were unable to 
return. Additionally, the rampant looting of archaeological sites has been progressively 
worse in this region in the last two decades.  In the years following the second Persian 
Gulf War, the site has experienced looting at unprecedented levels. “Dr. John Russell, 
acting as the Deputy Minister for Culture of the Coalition Provisional Authority of Iraq, 
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after aerial reconnaissance and photography at the site in 2004, reports nearly total 
devastation of the site by looter’s trenches” (Stone and Zimansky 2004).  Recent political 
unrest and the rampant destruction of cultural heritage by the “Islamic State” further 
increases the threat to the integrity of the site. These data, therefore, though 
representative of only a sample of the site, is as precious as it is rare. In the following 
chapters, I will present a set of theoretical points and methods by which the data from the 
contexts described above will be used to address the goals outlined in the introduction. 
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Chapter Four: Theory and Research Questions   
  
4.1 Introduction  
The fauna from Mashkan-shapir have potential to answer a variety of questions 
about southern Mesopotamian life. It is perhaps, to date, the most complete, meticulously 
excavated faunal assemblage from the region and time period from a large urban center. 
In this chapter, I will present the major theoretical arguments of this research, pose 
several questions along with the framework by which they will come to be answered, as 
well as present a group of models based on comparative, hypothetical, and observed 
archaeological, anthropological, and ecological data.     
 I have stated that the central foci of this study are not complicated in and of 
themselves. The first of these, is in fact one which has been the subject of numerous 
studies in recent decades. I am of course, referring to the notion that cities in southern 
Mesopotamia represent dynamic, decentralized socioeconomic entities, where a system 
of fluid, socially mobile and diverse heterarchical "niches" acted to maintain balance and 
distribute power amongst various entities.         
 The background history of this debate is quite voluminous, and a detailed 
description would detract from the purpose of this research. I will, however, list some of 
the major sources which contributed to the research design applied to the Mashkan-shapir 
project in this chapter. I will also outline the basic research framework and models 
pertaining to the arguments used to support them in Stone and Zimansky's work as well 
as this analysis.  
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 In support of this goal I will attempt to identify, in the data, agents within the 
city's heterarchy which have thus far only been discussed by textual reference or by 
supposition. I refer, primarily to:  fishermen and women, pig farmers, and hunters. 
Though I will explore other agents where the data allows.  I will also attempt to see how 
other wetland resources, as well as secondary products, namely wool, from pastoral 
production and their acquisition, fit within the heterarchical model. The latter will involve 
examining the limited textual record and botanical results as well as the ovicaprid 
remains from the site.         
 The second focus of this research will examine the complex interplay between 
agents within this heterarchy and the resources in their environment, specifically those 
resources provided by the wetlands at and around the site.  By describing and quantifying 
the methods of production, acquisition, provisioning and distribution of products from 
both wild and domestic animal taxa at the site, paying special attention to the role of the 
wetland ecosystem in the vitality of the city, I will paint a portrait of Mashkan-shapir as 
an ancient example of a sustainable agroecosystem the likes of which are sweeping the 
field of modern agriculture. Archaeological evidence from Mashkan-shapir, geological 
data, satellite data, and textual data will all be consulted when necessary to understand 
the intimate role of various wetland resources to this heterarchical model of the ancient 
southern Mesopotamian city.         
 Finally, it will be argued, that heterarchical ancient cities go hand in hand with 
sustainable strategies and the wetland agroecosystem. I will attempt to show that these 
two foci are actually intimately linked. The overarching idea being that it is precisely the 
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availability of diverse agricultural and sociopolitical niches offered by the ecological 
setting of the site, which allowed such a city to exist. The Mashkan-shapir faunal data 
will be compared to other examples of ancient sustainable wetland "agroecosystems" as 
well as modern models of such managed agro-ecosystems. The complex role of man as 
an intrinsic part of this system, traditional agro-pastoral knowledge and methods, ancient 
and modern perceptions of the urban landscape, as well as the related concepts of 
biodiversity and cultural diversity will be discussed as they pertain to the creation of a 
sustainable system in an unpredictable eco-zone like southern Iraq as well as other 
localities where land is limited or unpredictable,  yet demand for food and resources is 
high.             
                    
4.2 Socio-Political Investigation: Hierarchy vs. Heterarchy     
 In this section, I will outline the theoretical framework with which I will attempt 
to address the question of social organization at the site. A brief background to the 
discussion of social organization of Mesopotamian urban centers will be followed by an 
exposition of how these theories were already applied to the archaeology of Mashkan-
shapir by Elizabeth Stone and Paul Zimansky. In the last subsection, I will also introduce 
theoretical models which must be added to those already applied to the site, in order to 
use faunal data to investigate urban dynamics at the site.      
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4.2.1 Background to the Theories       
 Social organization of ancient cities in southern Mesopotamia has been a theme of 
Near Eastern archaeology for almost two centuries. In the 19th and early 20th centuries, 
these arguments were usually aimed at classifying societies in a hierarchical manner, and 
often involved moral and value judgements. In V. Gordon Childe's The Urban 
Revolution, Childe says of earlier research,  "Sociologists and ethnographers (of the) last 
century classified existing pre-industrial societies in a hierarchy of three evolutionary 
stages, denominated respectively  “savagery”, “barbarism” and “civilization” (Childe 
1950:3).           
 Indeed Childe (1950), though concerned with outlining his ten components of 
"Cities", also follows this evolutionary framework when discussing the urban revolution, 
referring to the modern Maori for example as "advanced barbarians"(Childe 1950:7) and 
to the Ona of Tierra del Fuego as examples of "barbarians and even savages"(Childe 
1950:6). The discussion of prehistoric social organization is quite simplified, as it is 
implied that the people themselves were also simple. In fact when describing the what we 
now know to be quite complex building of shrines and sacred places by related 
hunter/gatherer groups, he claims "the solidarity thus idealized and concretely 
symbolized, is really based on the same principles as that of a pack of wolves or a herd of 
sheep" (Childe 1950:7). He would thus explain the organization of pre-urban societies to 
create sites such as Göbekli Tepe in Anatolia and Stonehenge in Britain as the instinctive 
acts of simple folk, brought together by blood for finding mates or displays of 
dominance, akin to the marking of territory by wolves.  
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 With the spread of processual archaeology discussions of what categorized cities 
and indeed any societies, were replaced with investigations of the process of 
urbanization. How and why did the first cities form? In the 1950's, 60s, and 70s an 
arsenal of theories explaining how urbanization came to be were available as models for 
archaeologists investigating this phenomenon. Some of these, such as those espoused  by 
Spooner (1972) and even (Childe 1950) and other researchers which saw the relationship 
between population size, surplus, and a sedentary lifestyle as an inevitable consequence 
of agriculture. This theory, as is true for many during this period, saw society following 
predictable mathematical rules. Inevitable urbanization was thus just a matter of numbers. 
 Other theories emphasized conflict and inequality as the impetus for urbanization. 
Witfogel's The Hydraulic Civilizations (1956) and Oriental Despotism (1957),  saw this 
process as the result of control, by elites, over water resources. With the ability to control 
the flow of water into irrigation work, would come the power over those who required 
this resource. In turn, massive populations would then be controlled by elites in the 
maintenance, use, and creation of such irrigation systems, leading to a "despotic" king, 
with a dependent peasant farmer population eventually leading to all the institutions that 
define urbanism. Though archaeological evidence from Mesopotamia rendered Witfogel's 
theory moot, many such single cause theories came about during this time period, indeed 
influenced by the political views of the time.      
 In more recent decades, hierarchical, top down, and evolutionary arguments such 
as these have given way to more diverse analyses of social organization. Information, for 
example, from Mesopotamia, where excavation has produced vast amounts of texts, as 
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well as information on urban layout and artifact distribution brought many of these elite 
power based models into question. In the 1990's a re-examination of these earlier mono-
causal models let to an investigation into the diversity of "cities" and the processes at 
work within them as well as their development. Trigger (1993, 2003),  Blanton, et al. 
(1996), and Yoffee (2005), for example offer a multilinear option for urbanization and 
urban dynamics. Indeed, the idea that ancient societies were just as complex as our own 
and that the processes involved in their function were diverse began to take precedence in 
the archaeological literature. The ideas of consensus, collaboration and collective action 
introduced by Crumley (1995), Blanton and Fargher (2007), and others offered natural 
counter arguments to hierarchical interpretation.      
 The notion of heterarchical organization, as outlined by (Crumley 1995) and 
several other authors, both within and outside of the archaeological literature (Aime, et al. 
2013; Christian 2004; Davies 2009), presents a group where power, custom, and even 
status, are formed by consensus between diverse groups. Crumley (1995:3) points out the 
heterarchical organization of the human brain, suggesting that such a group dynamic is 
engrained into our biology. A recent study of workplace group dynamics conducted by 
Aime, et al. (2013) illustrates, for example that heterarchical power structure, even in 
small groups, offers success in achievement of goals, and fosters healthy competition and 
teamwork. The question remains then, if heterarchy and group consensus is a natural 
human strategy, and offers success and vitality, directly relating to the amount of 
diversity in the system (Aime, et al. 2013), why are hierarchical systems so common in 
many of the institutions of modern life?  Furthermore, has this always been the case? 
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Many archaeologists have attempted to answer the latter by examining early societies and 
cities in order to reconstruct their power dynamics. Cities in ancient Mesopotamia offer 
much evidence that can be used in this debate.  In recent decades with an increase in post-
processual approaches and frameworks, information on groups once ignored 
archaeologically such as; slaves, peasants, women, and craftsmen, has become vital in 
this discussion. In fact, this study, will attempt to identify the activity of such groups and 
incorporate them into an understanding of the heterarchical processes presumed to be at 
work at Mashkan-shapir.         
 As this debate expanded in the late 80s and 90s, Elizabeth Stone and Paul 
Zimansky's investigations at Mashkan-shapir operated under a research design which 
attempted to identify social heterarchy as the modus operandi for southern Mesopotamian 
cities, using the site as the perfect case study where these theories could be tested. Their 
theoretical framework, models, and results are summarized in the next section 
   
4.2.2 Socio-Political Investigation: The State of the Evidence   
 Stone (1997) provides a concise summary of why ancient Mesopotamia represents 
a consensual society with a heterarchical power structure. Therein she makes several key 
points identifying factors in cities that favor this model:  
 1) Highly urbanized cities in an environment where shifting watercourses, 
unpredictable river regimes, over-salinization, and temporary agricultural land resulted in 
an agricultural system based more on management of labor than land ownership. 
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 2) Represented a society not in complete control of its subsistence base that relied 
heavily on exchange with groups living outside the purview of the state for part of their 
food. 
 
 3) High social mobility existed which was not restricted by ethnicity and the 
unpredictable environment makes control of land impossible, while the presence of 
surrounding cultivable wastes (marshes, steppe) provide sanctuaries where the population 
can escape.  
 
 4) City councils were able to manage the interests of all the different groups 
coming together in the cities,  representing different sectors of society and functioning as 
a power check on palace and temple. 
 
 5) The king was isolated, allowed only to enter the temple once a year for 
ceremonies and was often ethnically distinct as well. 
            
 Recreating ancient behaviors as complex as sociopolitical organization is a 
massive undertaking and certainly one that requires corroboration from many sources of 
archaeological evidence. It necessitates a broad understanding of the complex quotidian 
interactions, procedures, and behaviors that may leave an obvious trace in the 
archaeological record, as well as a way to examine the more arcane, at least to the 
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researcher, processes of urban organization that cannot easily be identified. Modern 
sociopolitical systems of which we have first-hand experience are often unpredictable 
and difficult to understand. The vagaries of relict political systems are therefore nearly 
impossible to fully understand relying only on archaeological evidence. An approach 
incorporating several lines of corroborating evidence is necessary to address these issues.
 Looking to place the city of Mashkan-shapir within the heterarchical organization 
framework, Stone and Zimansky identify several criteria incorporating city planning data 
from survey, excavation, artifact distribution, texts,  satellite and aerial photography, as 
well as geophysical survey to allow this to be done. Relying on largely spatial 
organization (unfortunately due to the untimely end of investigations at the site) but 
corroborated when possible with the other types of data mentioned above, they were able 
to produce a testable model for the city as a consensual, heterarchical society. Table 4.1, 
which includes Stone and Zimansky's various lines of evidence, as well as hypothetical 
examples of "heterarchical" and "hierarchical" patterns in the data summarizes their work 
to date at the site as it pertains to the issue of social organization.    
 The results presented in Table 4.1 provide good evidence for the existence of a 
decentralized state and a heterarchical power structure at Mashkan-shapir, and by 
extension, suggest the same for all sites in southern Mesopotamia. The research I will 
present in this analysis will use the faunal data to add to this evidence.     
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Criterion of Study Mashkan-shapir data supporting Heterarchical/Decentralized model 
Spatial location 
of Temple & 
Palace 
●Temple and Palace non-central and at opposite ends of site 
Class Structure 
and city planning 
●Artifact dist. and architectural plan of structures suggests 
"low" and "high" status individuals lived within same 
neighborhood.  
Canals within 
Cities 
●Not linked with central institutions 
● Trade and craft activities and residential activities shown 
to occur canal-side, throughout site.  
●link people with trade, Quay, etc.  
●Delineate egalitarian "neighborhoods" linked via 
footbridges at streets.   
Craft Production 
●Craft production dispersed throughout site                          
●craft production centers located within every 
"neighborhood"  ● exception made for noxious activities 
Streets 
●Not spatially linked to serve central authorities 
●"Grid Plan" designed to link people and resources at 
neighborhood and site level  
●serve to re-link neighborhoods separated via canals at 
footbridges 
Walls 
● Some indication of action to accentuate distinct entities, 
satellite data unclear                                                                 
●Do not serve as barriers between citizens and resources 
Neighborhood 
Structure-                
Demographics 
●neighborhoods appear to have similar access to resources 
across site  
●some higher concentration of model chariots, sealings, and 
larger buildings and streets  in western sector may indicate a 
focus on trade or may just be a factor of excavation bias 
Table 4.1: Results of Archaeological investigation by Stone and Zimansky at Mashkan-
shapir supporting the Heterarchical/Decentralized model for the site. 
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By investigating patterns of husbandry, access to domesticates and their 
resources, wetland resource acquisition, fishing, hunting, and household production as 
evidenced by animal remains from the site I will add certain key arguments to the model 
presented. Table 4.2 presents an addendum to the research design described above, 
highlighting the criteria this study aims to investigate.     
 In using the faunal data to corroborate the data from excavation and survey at the 
site, I hope to provide even stronger evidence for the ancient urban dynamics at play at 
the site, while also making a much needed contribution to the faunal record for the area. 
In the discussion chapter of this paper, we will return to this model and investigate to 
what degree the data support the hypothesis of an ancient heterarchy in place for the site 
as well as discuss its implications for the region as a whole. In the next section, I will 
outline the second focus of this study, the wetland. Indeed, when the final results are 
presented, I will combine these foci and attempt to examine the role of wetland resources 
in the presented model for the site.         
 In Table 4.2 the expected patterns in a heterarchically organized society versus a 
hierarchically one are compared as they relate to five selected criteria. These criteria are: 
domestic animal husbandry, the household, the fishing industry, wetland resources, and 
the hunting of wild game. These predictive tables will be used to identify the 
corresponding patterns using the data for this site to be presented in Chapter 6.  
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Criterion of 
Study 
Hierarchical -Centralized City 
Model 
Heterarchical - Decentralized 
City Model 
Domestic 
Animal 
Husbandry 
● Bias in distribution of species 
and animal parts                        
● lack of diversity 
● resource intensification  
●Unbiased distribution of 
species and animal parts  
●high diversity 
●resource intensification 
lacking 
The Household 
●limited access to "garden 
crops"  
● Garden space limited to 
certain sectors of society only 
●Individual households have 
access to "garden crops" 
●Garden space unrestricted \ 
The Fishing 
Industry 
●Harbors/Quays tied to central 
authority  
●Access limited to a certain 
portion of society  
●fishing regulated and/or taxed  
● Lack of diversity 
● resource intensification 
●Harbor. Location separate 
from central authority.  
●open access by all sectors of 
society.  
●small and large scale harbor 
use.  
● High diversity of fish species 
and sizes. 
Wetland 
Resources 
●access restricted  
●access routes not available to 
everyone 
 
●access not restricted  
●access routes available to 
diverse sectors of society 
 
Wild 
Game/hunting 
●Associated with Elites, Central 
Authority  
●uncommon at site 
●not strictly associated with 
elites or central authority 
●Common at site 
Table 4.2: Predictive Model of Heterarchy vs Hierarchy for current faunal study. 
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4.3 Wetlands Sustainability        
 Among the Earth's ecosystems wetlands are perhaps the most diverse. They are 
not governed by latitude, or even altitude for that matter, though they generally occur 
more commonly at lower ones. In fact, wetlands are not even limited to a particular 
inventory of plant and animal niches. Wetlands exist in areas of classically low 
biodiversity, such as the arctic tundra, as well as temperate and tropical regions. The 
main defining factor is the relationship between soil and water, forming a unique 
ecosystem, neither aquatic nor terrestrial. They exist at the interface of these two 
resources in dozens of varieties from tropical mangrove forests to man-made wastewater 
treatment facilities.          
                
4.3.1 Wetlands: Definitions         
 As more data are collected by researchers studying wetlands, we come closer to a 
working understanding of these treasures of biodiversity. The Ramsar convention 
identifies many of the categories of wetlands. These include those which are natural 
(Table 4.3) as well as those which are human-made of artificial (Table 4.4). Though 
these lists are seemingly exhaustive, they are not a complete. As I mentioned in the 
introductory chapter, no simple definition exists of what makes a wetland. The Ramsar 
convention, named after the city of Ramsar in Iran where the convention met in 1971, 
acknowledges the cultural, economic, and ecological importance of wetlands and their 
sustainable use. It has been amended many times since and has over 160 signatories.  
 The convention lists wetland ecosystems and works closely with many other 
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entities both political and private to conserve, monitor, and restore wetlands as well as 
spread awareness of issues facing these zones.  The Ramsar convention is but one 
example of the growing interest in wetlands within the scientific and political 
communities. Wetland conservation groups are increasingly common in recent years. The 
recent move in the field of sustainable agricultural production towards a more ecological 
approach based on synergy, resource diversity, and natural processes has taken 
considerable form in the sustainable management of wetland based agro-ecosystems. The 
natural diversity and geographic variability of wetland ecosystems make them ideal areas 
for this type of adaptive production strategy.     
 Though the task is quite a difficult one, research is bringing to light more 
information on the vital importance of wetlands to society. "Among wetland specialists 
the very high value of wetland ecosystems to society, in terms of biodiversity but also in 
terms of goods and services produced, is accepted as being obvious though difficult to 
quantify given their enormous heterogeneity and complexity..."(Rijsberman and de Silva 
2006:34). Various studies (Assessment 2005; De Groot, et al. 2002; E.U. 2003; EPA 
2002; Gliessman 2002; M.E.A. 2005; MA 2005; Matthews 1993; McInnes 2011; 
Morimoto 2011; Ramsar 1971; Shanmugam, et al. 2006; Swift and Anderson 1994; 
Tscharntke, et al. 2005; Watershedss 2001)which attempt to assign "Value" to what have 
come to be commonly referred to as "ecosystem services" (Ehrlich and Ehrlich 1970:157) 
are available to researchers, government entities, conservation groups, and the general 
public.            
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Category Type Examples 
N
atural W
etlands 
M
arine/Coastal W
etlands 
Permanent Shallow Marine Waters sea bays, straits 
Marine subtidal aquatic beds 
kelp bed, sea-grass beds, marine 
meadows 
Coral reefs   
Rocky marine shores sea cliffs, rocky offshore islands 
Sand, shingle, or pebble shores sand bars, sandy islets, dune slacks 
Estuarine Waters estuaries, deltas 
Intertidal Mud, sand, or salt flats   
Intertidal marshes 
salt marsh, salt meadows, tidal 
marshes 
Intertidal forested wetlands 
mangrove swamps, tidal swamp 
forests 
Coastal brackish/saline lagoons brackish/saline lagoons  
Coastal freshwater Lagoons freshwater delta lagoons 
Karst and Other Subterranean 
hydrological systems Marine/coastal Karst 
Inland W
etlands 
Permanent inland deltas   
Permanent rivers/streams/creeks   
Seasonal/intermittent rivers, 
streams, and creeks   
Permanent freshwater lakes  oxbow lakes, lakes 
Seasonal freshwater lakes flood lakes 
Permanent saline/brackish lakes   
Seasonal saline/brackish lakes   
Marshes/pools: 
Seasonal/Permanent 
Freshwater, saline, alkaline, brackish 
and saline marshes and pools 
Non-forested peatlands   
Alpine wetlands   
Tundra wetlands   
Shrub-dominated wetlands   
Freshwater, tree-dominated 
wetlands and forested peatlands   
Freshwater springs   
Geothermal wetlands   
Inland karst/subterranean wetlands   
Table 4.3: Classification scheme for natural wetlands based on the guidelines of the 
Ramsar convention (Ramsar 1971). 
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Group Type Examples 
H
um
an-m
ade W
etlands 
Aquaculture fish/shrimp ponds, fisheries 
Ponds farm ponds, stock ponds, small tanks 
Irrigated Lands rice fields/irrigation channels 
Seasonally flooded agricultural managed/grazed wet meadow/pasture 
Salt exploitation sites salt pans, salines 
Water storage areas reservoirs, dams, barrages, 
Excavations gravel/clay pits, borrow pits, mining pools 
Wastewater treatment areas sewage farms, settling ponds, oxidation basins 
Canals and drainage channels, 
ditches  
Man-made Karst/subterranean 
hydrological systems  
Table 4.4: Classification scheme for artificial wetlands based on the guidelines of the 
Ramsar convention (Ramsar 1971).   
            
 One such ongoing report, the Millennium Ecosystem Assessment provides 
exhaustive data on natural resources in the context of sustainable production, 
conservation, and management to address the growing needs of the global community. 
Table 4.3 below, taken from this report lists the provisioning, regulating, cultural, and 
supporting ecosystem services provided by coastal and inland wetlands of various types. 
Many of these services are still not clearly understood. Those that are include all those 
benefits associated with tangible products and organism, such as edible plants and 
animals, secondary plant and animal products, as well as water itself. The biodiversity of 
these systems also serves as a reservoir for genetic diversity for plant and animal life and 
a wellspring of natural pesticidal and herbicidal organisms or products and pollinator 
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organisms. The interface of wetland biotic and abiotic factors, namely plant roots and 
tissues, soil, water, energy, nutrients,  and other natural or man-made contaminants and 
solutes represent a complex biochemical interplay which provides, among other things, 
nutrient cycling, erosion protection, pollution control, climate regulation, water storage, 
and defense from natural disasters such as floods, hurricanes, and tsunamis (Table 4.3). 
Lastly, wetlands provide several cultural services, such use for recreation, ritual, 
educational, and aesthetic reasons, as well serve as a home for many groups of people, 
both traditional groups like the Ma'dan of Mesopotamia, or local populations of coastal 
fishing and farming communities  within industrialized states.   
 Just as wetlands vary in their composition, location, attributes, and ecological 
services offered, so do the definitions applied to them.  Two examples are provided 
below: 
 "Those areas that are inundated or saturated by surface or groundwater at a 
frequency and duration sufficient to support, and that under normal circumstances do 
support, a prevalence of vegetation typically adapted for life in saturated soil conditions. 
Wetlands generally include swamps, marshes, bogs and similar areas."   
       -US Clean Water Act (EPA 2002:40) 
 
 "Those environments whose soils are covered by water, or where water is present 
at or near the surface-either all year or at different seasons. Wetlands vary widely in their 
location, topography, climate, water regimes, water chemistry, vegetation and wildlife, 
and are found on every continent except Antarctica...They include coastal wetlands, 
estuaries, salt marshes, mudflats, and lagoons where brackish water creates fluctuating 
difficult environments within which only a range of salt-tolerant plants, fish, wildfowl, 
and animals can thrive--and indeed, they do thrive. Freshwater wetlands can also include 
an almost bewildering range of environments"      
 -Oxford Handbook of  Wetland Archaeology (Menotti and O'Sullivan 2013:1) 
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  Whether the basic defining factor considered is the relationship between water 
and soil chemistry as outlined in the Clean Water Act definition above, or in their 
inherent variability as emphasized by excerpt from the Oxford Handbook of Wetland 
Archaeology, one point is clear. Wetlands intrinsically represent a symbiotic nexus. They 
are a coming together of living and non-living agents to produce an ecosystem whose 
diversity, adaptability, and productivity are without rival in the natural world. Through 
this analysis, I will argue what many in the fields of agriculture and ecology are already 
arguing, namely, that these systems represent a model for the sustainable future of food 
production. Additionally, I will also show, that to the ancient inhabitants of Mashkan-
shapir, the role of the wetlands as a sustainable resource was innately understood and put 
into practice by the people. In the next section I will briefly outline the sustainable 
"Agroecosystem" approach to wetland use and design a research framework and models 
with which I will attempt to identify this practice archaeologically at Mashkan-shapir. 
                 
4.3.2 Agroecology and Sustainability: History, Trends, and Patterns  
 The current trend in agriculture, defined briefly in Chapter 1 as the agroecology, 
eco-agriculture, or agroecosystems approach has shown that agricultural resources, 
managed in their native ecological state provide a highly sustainable, fruitful, and 
ultimately more cost effective mode of production (Figure 4.1). This concept, however, 
is in direct opposition to traditionally held beliefs in the industrialized world about the 
nature of wetlands, and it has taken quite some time since the middle 20th century, when 
these ideas were first mentioned to take hold. "Among agronomists it is not very long ago 
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– and it partly persists today – that wetland systems were qualified first and foremost as 
wastelands, badlands, or sources of disease. In other words, systems that needed to be 
reclaimed or drained – often for agriculture– to become useful to society"(Rijsberman 
and de Silva 2006:34)           
    
Figure 4.1: Land value of intact vs developed agricultural land indicating higher value 
for sustainably managed farms. Remodeled in Adobe illustrator from Millennium 
Ecosystem Assessment (2005a)  
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 In the early 2000s this trend began to change drastically. “eco-agriculture” is now 
gradually becoming a mainstream subject of interest for agricultural research (McNeely 
and Scherr 2001). A dialog between agriculture and ecology in this regard is less 
adversarial and the development of a working symbiosis was on the horizon. 
"...agriculture was on the agenda for the first time for the contracting parties of the 
Ramsar Convention during COP8 in Valencia in 2002 and The 17th Session of the Global 
Biodiversity Forum, held in 2002… included a workshop on agriculture and wetlands 
(Rijsberman and de Silva 2006:34).  
 In order to understand how this study will go about identifying sustainable 
agroecology in the archaeological record at Mashkan-shapir, I will outline the parts of 
such a system. Following this exposition, I will propose a model based on these criteria 
of how these patterns would be reflected in the faunal remains and other archaeological 
data from the site. This model will then be tested in Chapter 7 using the results from this 
study.          
 Agroecosystems are essentially systems where agricultural land is managed in its 
ecological context. That is, unlike traditional irrigation agriculture, it emphasizes the 
relationship between agricultural products and their surrounding human and natural 
environments. Matthews, et al. (2000:24) define an agroecosystem as “a biological and 
natural resource system managed by humans for the primary purpose of producing food 
as well as other socially valuable nonfood products and environmental services”. They 
also emphasize "the interplay of biotic and abiotic resources in and around farmed areas 
and the potential to manage agroecosystems for the generation of a broader range of 
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goods and services than food"(Matthews, et al. 2000:25) as one of the most important 
factors in maintaining agroecosystems. These systems very often integrate crops and 
livestock and are becoming increasingly common particularly in areas where agricultural 
land is limited. As researchers accumulate more information on the complex 
interrelationships within ecosystems, these systems have gone from an idealized vision of 
the future to a practical reality. 
 It must be noted that this integration of crops and livestock is by no means a novel 
idea. Integration of resources on some level in agricultural land was very much the norm 
until the last century (Bernués, et al. 2011:45; Franzluebbers 2007:361; Russelle, et al. 
2007:325). Throughout the 20th century, however, a global trend towards intensification 
and specialization has had drastic negative economic and ecological effects and indeed 
proven to be unsustainable. "Huge technological advances (during the 20th Century) in 
plant genetics, machinery, and synthetic chemicals improved agricultural production 
manifold, and eventually shifted diverse agricultural enterprises into specialized 
production facilities" (Franzluebbers 2007:361).      
  Due to the growing needs of future populations, the unsustainable methods of the 
intensely specialized agriculture apparatus will lead to further ecological destruction, 
economic losses, and indeed, hunger. Many of these sustainable techniques are becoming 
common in the developing world, where access to land, water, and resources has 
traditionally been limited, such as Africa, Central America, and Southeast Asia (Allen, et 
al. 2007; Devendra 1991; Edwards, et al. 1988; Fernandez-Rivera, et al. 2002; Lisson, et 
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al. 2010; McDowell and Hildebrand 1980; Pender 2004; Powell, et al. 2004; Scoones and 
Wolmer 2002). 
 In the developed world, where arable land and resources are more common, this 
change is coming along more slowly. However, as the specter of a dismal future of 
depleted resources and increased populations comes more clearly into focus, this concept 
has moved from a strategy to solve hunger in the developing world to become a way to 
deal with a global issue that will affect all nations and peoples.  This shift can already be 
seen in the highly populous nations of East Asia and the Indian Subcontinent. In these 
regions, traditionally seen as resistant to ecological conservation schemes and 
international pressure to conform to guidelines, many such agro-ecosystems 
incorporating rice, fish, shrimp, and other products are becoming quite common. Several 
studies of these largely rice-fish fields in this part of the world support their economic 
benefits and overall success (Bambaradeniya, et al. 1998; Fernando 1993; Paoletti, et al. 
1992; Verhoeven and Setter 2009).        
  In the United States and Europe, this shift is occurring much more slowly and 
still largely emphasizes a single species more intensely, such as cattle or corn (Table 
4.5). "Most studies of integrated agriculture (in the US) describe cattle as the integrated 
species. Historical management practices, however, indicate that many other species 
could be included as the livestock component for integrated agricultural production. 
These include but are not restricted to turkey, chicken, duck, swine, cattle, rabbit, sheep, 
goats, horses, ostriches, llama, bison, and elk" (Hilimire 2011:377-378). In Europe, the 
situation is quite similar.  Bernués, et al. (2011:46) outlines the two-fold intensification 
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problem in Europe as focusing on cattle meat production in mountainous areas, while 
lowland areas focus primarily on sheep meat, though both offer potential to produce a 
large variety of plant and animal products if integration was adopted.  
 
Crops Livestock State 
Cotton Cattle Texas 
Feed Crops Cattle North Dakota 
Sweet Corn, Field Peas, 
watermelon Cattle Alabama 
Cotton Cattle Georgia 
Corn Cattle Illinois 
Feed Crops Cattle Wisconsin 
Grain Cattle Illinois 
Grain Cattle North Dakota 
Taro Ducks Hawaii 
Apples, Potatoes Poultry Michigan 
Mixed Vegetables 
Sheep and 
Poultry 
Massachusetts 
Table 4.5: Studies of Integrated Agriculture Showing a Trend of Cattle as Primary 
Animal Type Studied (Hilimire 2011:377) 
           
 What is clear, given current global resource needs, increasing populations, and 
shifts in agricultural production paradigms, is that the return to a diverse, integrated 
production strategy, albeit with the benefits of modern scientific research, is the key to a 
sustainable future. This is a future that in many ways is intimately linked to our past.  
Examining our recent history in this way, it is apparent that intensification of agricultural 
production in the past centuries resulted from a "runaway train" effect fueled by scientific 
discovery, population growth, and an unparalleled taming or even mechanization of 
nature. To a certain extent, specialization and intensification has always been associated 
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with civilization and urbanization. This process is parallel to the separation of mankind 
from nature. As millennia passed, the portion of the population of urban societies who 
dealt directly with food production has gotten smaller and smaller, and the information 
concerning production more and more arcane. A slurry of questions then come to mind: 
When and why did this happen? Did the earliest urban centers begin this trend? Can 
complex societies even exist, in their current form, in synergy with nature in this way? Is 
this sustainable approach to production itself culturally sustainable? The answers to these 
questions would require a herculean synthesis of many lines of archaeological, historical, 
and modern evidence. Such a synthesis is beyond the scope of this study. What I will 
however examine, is whether or not we can find evidence from Mashkan-shapir of this 
type of sustainable resource management. Additionally, I will attempt to outline the role 
of the wetlands and their natural abundance in the cultural, social, political, and economic 
aspects of city life in the second millennium B.C. How was Mashkan-shapir, a site which 
more most of its existence may have been little more than village of sheep-herders, able 
to grow to prominence as a major center of the Larsa kingdom, given its environmental 
and cultural setting?  
 To address these goals and answer the accompanying questions, it is first 
necessary to ascertain if sustainable resource management strategies can be identified in 
the archaeological record. If the components of current sustainable models of agricultural 
production are based on older models, then perhaps we can identify these components 
archaeologically. Though modern sustainability studies rely heavily on abstract scientific 
concepts, such as synergy, adaptive management, and knowledge intensiveness, the 
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components of such systems are not necessarily invisible archaeologically. Kirschenmann 
(2007:375) defines eight criteria necessary for sustainable agricultural production in the 
future. These will be outlined below, along with examples I will provide to further 
explain them. 
 Eight major criteria identifying sustainable agricultural systems are outline by 
Kirschenmann (2007). The first criteria is that such systems must be energy conserving. 
In other words, they must require only minimal input of energy initially. Such energy 
inputs may take the form of initial feed or fertilizer or other agents added to the system at 
the onset of its use for sustainable production. Conservation of energy also requires that 
the loss to environmental factors must be minimal or non-existent. For example, the loss 
of feed to natural scavengers, such as crows, rodents, or insect pests, must be minimized. 
Ideally, this is avoided when an understanding of natural synergies taking place in 
ecosystems such as these are well understood. To follow this example, will take into 
account the activity of these local scavengers and their role in the system. A tactic 
suggested in this situation, would be either, the use of feed which is naturally unpalatable 
to these species, or the incorporation of locally occurring agents taxa which keep their 
activity at bay. In other words, a system which is organized in this way can and must 
account for all the dynamic interactions possible in a sustainable manner in order to 
assure that energy is conserved.        
 As it is clear after a reading of the previous paragraph, it is impossible to discuss 
these eight criteria in a stand-alone manner. In this case an exposition of energy 
conservation necessitated a discussion of ecological synergy. It is important to note that 
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these criteria cannot exist on their own, and although Kirschenmann’s discussion 
separates these into eight category, they are heavily intertwined. The concepts of 
diversity and synergy are in-fact central to all notions of sustainability. With this in mind, 
I will now elaborate on Kirschenmann’s second criterion, diversity.    
 In order for a system to be sustainable it must feature both ecological and genetic 
diversity. In stark contrast to many single crop farming systems, where neither genetic 
nor ecological diversity exist, sustainable agroecosystems will feature various species as 
well as various strains, breeds, and bloodlines of individual species. These will also 
feature diverse abiotic environments instead of sterile, highly controlled and maintained 
environments such as extensive monocrop fields, high density feed lots, or greenhouses. 
This diversity adds to the vitality of the system, taking advantage of the benefits provided 
by gene diversity and hybrid vigor. A corn monocrop, for example, which in many 
circumstances may consist of thousands of genetically identical individuals designed to 
maximize certain desirable characteristics, may be decimated by a single pathogen, 
whereas a genetically diverse crop, although variable in the degree to which these 
desirable traits are expressed, will be able to survive. In the long run, such a system will 
be far more lucrative and require far less input of energy in the form of reseeding, 
manipulated breeding, and protection.        
 In fact, self-renewal, of the type described here, brings us to the third 
characteristic of sustainable systems. These systems must be largely self-regulating and 
self-renewing. This not only applies to reproduction, but also to the processes which 
govern the cycling of nutrients, pest and disease control, and population control. Such 
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naturally renewing systems, according to Kirschenmann, involve minimal replanting, 
restocking, and manipulation of breeding by humans. The selection of agents of renewal, 
be they insects who feed on crop pests, microorganisms who recycle nutrients, or 
predators who remove unfit organisms, is critical to a sustainable system. Selecting the 
components of such a sustainable agroecosystems goes much further than one would 
expect in a more commonplace single crop intensive system. All too often, these farming 
systems pay no mind to the presence of such agents in the vicinity of a modern farm, 
relying instead on artificial means to cope with destruction wrought upon the system by 
them. For example, if we once again consider our hypothetical corn monocrop, this time 
placing it in a location which happens to be near the habitat of a voracious corn pest, we 
can see where a serious unsustainable problem may arise. Farmers managing our corn 
field populated entirely by clones may approach this problem with the assistance of a 
synthetic pesticide. In fact, in the united states this practice is quite common with nearly 
500 million kg of pesticides used at a cost of $10 billion dollars annually according to a 
2005 study by Pimentel (2005). Along with yearly financial burdens, these substances 
often have lasting and devastating effects on the environments as well as human 
populations. A system which relies on natural processes of pest control and natural 
renewal would be free of such burdens.       
 The fourth characteristic of sustainable systems according to Kirschenmann, is 
that they must be knowledge intensive. In outlining the previous three criteria, it may be 
obvious that a high degree of knowledge and understanding of the processes at work in 
an ecological system is required to make them work. However, this type of scientific 
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knowledge gained through research is not the only type of knowledge characteristic of 
such systems. Traditional knowledge collected by indigenous groups and local 
populations of farmers and agriculturalists are also used to select organisms and manage 
and regulate these systems.  This type of knowledge, passed down from generation of 
farmers, formed the basis of agricultural know-how for thousands of years before the era 
of modern farming. Traditional cultural taboos, customs, as well as laws and regulations 
based on modern scientific knowledge are also required to maintain such systems as well 
as to preserve them a educate the public in general about their function and value.  
 The fifth characteristic of these systems laid out by Kirschenmann is that they 
must operate on biological synergies. This is perhaps the most fundamental characteristic 
which governs all others. A knowledge based understanding of the complex and detailed 
interaction between the living species and the abiotic factors in the system is necessary to 
create such a system. An emphasis on synergy produces a system where the factors in the 
system benefit the system itself as well as the human beings regulating the system. 
Synergy ensures that this does not result in the exploitation of any particular component, 
living or non-living.           
 Due to the fundamental diversity involved in these systems, as well as the reliance 
on natural processes, many factors will arise that will require the system adapt. Therefore, 
the sixth characteristic of the system is described by Kirschenmann as adaptive 
management. Such management strategies require that the system adapt to dynamic 
forces of change as opposed to the universal application of farming methods regardless of 
the specifics of the system. For example, a sustainably managed farm will employ 
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different strategies depending on factors such as climate, geography, ecology, to name a 
few. These systems must be able to suit to accommodate nature rather to work against it 
at great cost of energy input or loss of diversity.       
 The seventh characteristic of a sustainable agricultural system, and perhaps the 
most complex, is identified as an emphasis on ecological restoration rather than 
extraction or reservation. In other words, Kirschenmann suggests that there are no such 
things as untouched ecosystems or reservations. Humans have been interacting with the 
natural world for hundreds of thousands of years, and the assumption that we can create 
reservations or “untouched preserves” is an invalid one. In my interpretation, there is 
perhaps an underlying arrogant assumption that human beings are in some way not part 
of the natural world. This is perhaps the most destructive notion prevalent in today’s 
society. Specifically, the notion that there is a fundamental division between the human 
and natural worlds. We see this division throughout the natural sciences, social sciences, 
and philosophies throughout the world. Perhaps today more than ever, in a world where 
much of our lives take place in cyberspace, a space as far removed from nature as we can 
imagine, this belief is at its most destructive. It can be illustrated most obviously by the 
lack of knowledge observed in the general public of the way in which agricultural and 
farming systems work.         
 As an educator for the past 15 years, I always make it a point to ask my students: 
how many of you have ever visited a farm? Or how many of you have grown up near 
animals or have family who work in the farming or agriculture industries. The result is 
almost always the same, a deafening silence. This phenomenon was not observed prior to 
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the industrial era. We live in a time where the majority of people, particularly those who 
were raised in urban communities, do not possess a clear understanding of where the food 
we eat comes from. In recent decades, in the United States, there has been much research 
into understanding and assessing this issue to develop stronger agricultural literacy 
programs (Birkenholz, et al. 1994; Frick, et al. 1995; Tisdale 1991). The issue of 
agricultural illiteracy aside, the relevance for agroecosystems is that an emphasis on 
restoration of converted ecosystems, or which wetlands are a primary example, is the 
only sustainable option. It means that exploited and depleted resources, such as wetlands, 
which have been drained and converted to agricultural fields throughout the world, must 
be restored to their prime ecological function. Strategies of overexploitation as well 
protection or avoidance of so-called pristine ecosystems must be abandoned according to 
Kirschenmann.          
 The eighth and final characteristic of sustainable systems, and the one which ties 
all the others together, is that they feature multi-product, synergistic and nutrient dense 
production as described, on limited acreage. Maximizing limited space using the methods 
outlined here will create the optimal sustainable agroecosystem to optimally suit human 
as well as ecological needs. As I will illustrate in subsequent sections, these criteria 
mimic the natural order, and indeed, describe the way in which ancient Mesopotamians 
approached production.         
 Figure 4.2 below illustrates an example of a hypothetical system which follows 
these criteria. One can immediately notice the similarities of such a system to the natural 
order, albeit organized in a synergistic way to maintain the systems integrity. The 
   
  93 
importance of knowledge both traditional (that of local farmers, indigenous groups, folk 
traditions) and scientific (genetics, ecology, agronomy, etc.) in nature, is critical to 
managing such an ecosystem. The myriad biochemical reactions and energy transfers 
within such an ecosystem are very complex. In order to select the appropriate 
components when designing such a system or when placing a production system over an 
existing ecosystem agro-ecologists must have a commanding grasp of this knowledge.  
  
 
Figure 4.2: Diagram depicting integrated multi-species agroecosystem and its 
components. Figure indicates dynamic processes of: entry transfer, nutrient cycling, 
protection, and management.  Diagram composed by D. Brellas   
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 This lack of knowledge is perhaps the greatest contributing factor to the 
degradation of ecosystems in the previous century. One example of such a 
misunderstanding is exemplified by recent evidence concerning the relationship of 
malaria carrying mosquitoes to marshland ecosystems.  Amerasinghe (1993, 1995); 
Amerasinghe and Ariyasena (1990, 1991); Amerasinghe and Indrajith (1994); 
Amerasinghe (2003); Amerasinghe, et al. (1991); Mukhtar, et al. (2003); and 
Amerasinghe, et al. (1995) studied the effects of wetland reclamation for use in 
agriculture on mosquito population and biodiversity.   
 Sampling studies of mosquitoes before and after the conversion of undeveloped 
wetlands revealed a surprising result. Along with the transition from a natural marsh to 
intensified rice field irrigation, researchers also saw an increase in incidents of Malaria.  
Additionally, among the natural biodiversity of mosquito species before irrigation, those 
traditionally carrying the plasmodium strains which cause malaria where very rare. Over 
time, however, these carrier species not only became more common, but the resulting loss 
of biodiversity also led to new carrier species for the disease (Table 4.5). The increase 
incidence of malaria has been associated with reclamation of natural wetlands for 
irrigation agriculture elsewhere (Klinkenberg, et al. 2008; Peiris, et al. 1992; Peiris and 
Amerasinghe 1994) and it now seems that conditions brought about by this tradition may 
indeed favor the uptake or proliferation of malarial agents such as P. vivax and P. 
falciparum.            
 It would seem based on such research, that once again one of nature's subtle 
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warnings against intensified agricultural production has gone unheeded for centuries. 
Malaria, and indeed other mosquito-borne illnesses have been plaguing the developing 
world in particular. In regions where hunger is a daily problem and famine is a reality, 
pressures to produce an immediate source of food through intensive irrigation agriculture 
have only served to increase the severity of these issues. It may also go far in explaining 
why such a disease was not common in earlier agricultural systems which were less 
intense. Scientific knowledge is absolutely critical in achieving a sustainable agricultural 
regime in these areas. Such knowledge came from years of painstaking research, 
however, traditional knowledge, based on observation, culture, social mores and taboos, 
and sacred laws may indeed have served the same protective function against incurring 
Nature's wrath. In fact traditional knowledge as well as the role of mankind in the natural 
world are increasing in importance within modern sustainable agriculture framework 
(Berkes, et al. 2000; Singh, et al. 2010).       
  Can such knowledge as a basis for strategies to resource management be 
identified archaeologically? Can any of Kirschenmann's  criteria be isolated 
archaeologically to look for patterns of sustainable production in the archaeological 
record? To attempt to isolate patterns in the data which may correlate with the 
requirements for sustainable production, I first attempted to create predictive models 
using basic assumptions of how these patterns may take shape. After closer consideration 
of these criteria and how they may be identified archaeologically, it became clear that 
many of the points had significant overlap in their potential archaeological traces. A 
thorough review of recent literature on sustainable agricultural systems allowed me to 
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identify 4 basic criteria for sustainable resource acquisition. The four criteria for 
sustainable system I summarized that I theorized may be identified archaeologically are; 
resource integration, ecological process driven management, knowledge intensity, and 
adaptive management.   
  
Malarial Plasmodium 
strain carried                 
(# of Mosquitoes) 
               = 5 
positive specimens 
Period 
Anopheles 
Mosquito Species 
commonly 
Infected 
P. 
vivax 
P. 
falciparum Infected Specimens      
Initial 
Construction/  
Settlement 
A. annularis,         
A. culcifacies 2 1   (3) 
Irrigation 
Year 1 
A. annularis,         
A. culcifacies,       
A. subpictus,         
A. vagus 
2 8   (10) 
Irrigation 
Year 2 
A. aconitus,          
A. subpictus,         
A. tessellatus,       
A. varuna 
10 4   
(14) 
Irrigation 
Year 3 
A. culcifacies,       
A. subpictus 6 55 
 
 (61)  
Table 4.6: Correlation of malaria carrying mosquito population increase with increased 
irrigation intensity. Table adapted by D. Brellas using data from (Amerasinghe, et al. 
1991:233) 
            
 Within each of these I created sub themes and then came up with ways in which 
both faunal and non-faunal evidence may identify them archaeologically. These criteria 
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were then used to formulate questions with which to interpret the data. To support the 
existence of resource integration at the site I should be able to identify; biodiversity, 
maximization of limited resources, and the exploitation of diverse ecological zones.  
Biodiversity is perhaps the easiest to identify with faunal data as it should correlate with a 
diverse assemblage with various domestic and non-domestic taxa. Additionally these 
specimens must also bare evidence of human modification and processing. From the 
archaeological evidence at the site we may be able to identify biodiversity form textual of 
iconographic evidence documenting the presence of many species. Diversity in species, 
also implies diversity in the set of tools used to capture them if they are wild or raise 
them in the case of domestic animals. Therefore, variety in artifacts, such as fishing 
hooks, net weights, arrowheads, spears, and other hunting tools will indicate a diverse 
cast of hunted animals at the site. Likewise, artifacts associated with different domestic 
taxa can do the same. The presence of a variety of tools such as, cow shoes, horse shoes, 
ceramic vessels for the preparation of cheese, boning knives, and the like, will also 
suggest diversity in the types of domestic animals raised at the site, even if their faunal 
remains are lacking.          
 Resource integration may also be suggested at the site by evidence of the 
maximization of limited available resources. This type of activity can be identified by 
patterns in the faunal remains if they indicate a focus on locally available species. 
Additionally, a strategy of resource maximization would result in evidence of diverse 
secondary animal products at the site. Optimizing some limited resource would translate 
to using all available parts of that resource. For example, if wild boar were the locally 
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available limited resource, we would expect that the people were not only butchering and 
eating these animals, but using their hides for crafting, their bristles for creating brushes, 
their bones to create harpoons and needles, and their teeth create jewelry, talismans, and 
other objects. This is of course only a hypothetical example and does not directly apply to 
the assemblage being investigated, but a similar diversity in the use of limited resource 
would be expected if a resource integrate, sustainable production system were being 
followed at the site. Additionally, if local resource are maximized in potential at the site, 
we would expect the diversity of species identified at the site to mirror that which is 
available locally. In terms of efficiency and resource integration, this means that all 
available resources are put to good use. With an understanding of current biodiversity and 
a comparison to that identified at the site, such a comparison is possible and would 
provide strong support for sustainable resource integration. In terms of non-faunal 
evidence, we may find similar evidence in the use of plant resource at the site. One 
example, which is directly linked to southern Mesopotamia, is the use of reeds and their 
parts. Reeds, a locally available resource, can be used for carpentry, the production of 
boats, weaving of nets, as well as for fodder for domestic bovids. Identification of these 
types of artifacts would also support a maximization of limiter resources.    
 Lastly, a third indicator of resource integration would be evidence of the 
exploitation of diverse ecological zones at the site. In terms of the faunal evidence this 
would most clearly be supported by the presence of resources from diverse ecological 
zones. For example, animals from neighboring arid zones around the site, such as gazelle, 
should also appear in the assemblage along with local and domestic taxa. In this scenario, 
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the data would tend toward low intensity production or acquisition strategies. They would 
focus solely on a few select plants or animals, but incorporating a diverse menu or 
resources supporting resource integration as opposed to intensification. The exploitation 
of diverse ecological zones may also be indicated by non-faunal evidence at the site by 
text and iconography, as well as artifacts associated with their exploitation. Table 4.7 
presents a summary of the ways in which resource integration might be identified at 
Mashkan-shapir.         
 The second criterion of sustainable production is ecological process driven 
management. If ecological process driven management is occurring at the site, I should 
be able to identify the preservation of natural reproductive cycles, as well as synergy. In 
terms of the faunal evidence, preservation of natural reproductive cycles can be assumed 
if the assemblage of wild fauna, such as those from the wetlands, more closely resemble a 
strategy of security, or natural kill-off patterns. Essentially, fish being caught when they 
are adults, an avoidance of gravid females, as well as a lack of bycatch species produced 
by intensive fishing strategies such as trawling. Similar patterns should be seen with 
hunted individuals as well. These are likely to represent opportunistic hunting behaviors 
as opposed to intensive ones. Additionally, there should be a positive correlation, if one 
can be determined, with the natural seasonality and maturation cycles of wild species.  
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Concept Sub-Theme 
Supporting 
Archaeological Evidence 
(Non-Faunal) 
Supporting Faunal 
Data 
Re
so
ur
ce
 In
te
gr
at
io
n 
Biodiversity 
(1) Textual and 
iconographic evidence 
documenting species 
diversity 
(2) Variety in fishing 
implements 
 
 
 
 
(1) Species diversity 
in the faunal record.  
Maximization 
of limited 
resources 
 (1) Botanical evidence: 
Diverse raw materials for 
artifacts 
 
(1) Focus on local 
species, which may 
vary by site; 
(2) Diversity in 
secondary animal 
products  
(3) Faunal 
assemblage mirrors 
locally available 
species 
Exploitation 
of diverse 
ecological 
zones  
(1) Textual and 
Iconographic evidence 
(2) Botanical data 
supporting diverse eco-
zone exploitation 
(2) Wild and 
domestic fauna in 
the assemblage from 
diverse eco-zones  
(3) Lack of resource 
intensification 
Table 4.7: Testable model for resource integration at Mashkan-shapir summarizing 
possible evidence for this characteristic from the text. 
            
            
 Ecological synergy is trickier to identify, as it requires evidence of the interaction 
of species or the rearing of animals and plants in proximity to one another. One form of 
evidence can come from pigs. Evidence for the rearing of pigs in proximity to date 
orchards, either ichnographically, or through the faunal evidence may provide one such 
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form of evidence. This behavior will be discussed further in chapter 7. Evidence of 
traction on the extremities of cattle may indicate their use for plowing fields, another 
form of ecological synergy. Other evidence may come from the dung of the animals 
themselves. Evidence of grasses, including agricultural weeds or cereal grasses 
themselves, as well as wild grasses will support the idea of pasturing of animals in 
diverse settings. Non faunal evidence for synergy can also come from texts. For example, 
in non-industrial societies, taboos and cultural restrictions often serve critical functions to 
preserve natural balance.  For example, modern superstitions in western cultures warning 
against the killing of spiders may be associated with the crucial role these creatures play 
in curbing populations of pest insects. These, along with the other forms of evidence for 
ecological process-driven management, are also summarized in Table 4.8.  
 The third criterion which characterizes sustainable production I have used for this 
study is adaptive management. I argue, that evidence for adaptive management can be 
identified archaeologically by verifying evidence of changes in management/exploitation 
strategy for individual species based on stress, location, and other dynamic change. In 
other words, for a system to be sustainable it must show a strategy of adaptation when 
faced with change. Because of the multiple dimensions of interpretation involved here, it 
is more difficult to identify adaptation in the archaeological record.    
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Concept Sub-theme 
Supporting 
Archaeological 
Evidence (Non-faunal) 
Supporting faunal data 
Ec
ol
og
ic
al
 P
ro
ce
ss
 D
riv
en
 M
an
ag
em
en
t Preservation of 
natural reproductive 
cycle 
(1) Artifacts designed 
to specifically target 
certain species, 
avoiding others. 
(Example: nets which 
allow fish fry to 
escape being caught) 
(1) Wild fauna 
assemblage closely 
resembles security 
strategy or natural kill-
off patterns 
(2) Fishing and hunting 
behaviors correlate 
positively with 
reproductive cycles and 
seasonality data 
Synergy 
(1) Animal dung 
containing evidence of 
grazing in agriculture 
fields, wild grasslands, 
and marshes 
(2) Records of taboos 
or restrictions against 
destruction of natural 
predators of pests 
(1) Evidence for the 
rooting of pigs in 
date/fruit orchards from 
dentition 
(2) Evidence for the 
grazing of bovids in 
agricultural fields from 
dentition 
(3) Evidence for 
traction on the remains 
of cattle 
Table 4.8: Testable model for ecological process driven management at Mashkan-shapir 
summarizing possible evidence for this characteristic from the text. 
 
 One type of evidence is to identify the effect of the stress itself on the faunal 
remains. For example, stress in the form of linear enamel hypoplasia on bovid and suid 
teeth, as well as the presence of indicators of malnutrition, such as hypocalcemia on 
bones. Another form of evidence is the appearance of famine foods, or foods only 
consumed by people in situations where other resources are rare. Third, storage of foods 
for future consumption may provide evidence of a system designed to adapt to stress. In 
chapter 8, after an exposition of data from the site, I will discuss some unique ways in 
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which the residents of Mashkan-shapir responded to change, particularly to salinization.  
           
Concept Sub-theme Supporting 
Archeological 
Evidence 
Supporting Faunal 
Data 
 
Adaptive 
Management 
Adaptive 
Management 
(1) Textual evidence 
(2) Artifact variation 
(3) Taboos restriction 
consumption of rare or 
critical species 
(1) Food storage 
(2) conservative, non-
intensive fishing 
strategies 
(3) variety in the 
diversity of fauna by 
season 
(4) appearance of 
famine foods in the 
assemblage 
Knowledge 
Intensity 
Traditional 
Knowledge 
(1) Textual evidence 
(2) Ethnographically 
supported traditional 
farming/hunting/fishing 
methods based on 
artifacts/texts 
(1) Ethnographically 
supported traditional 
farming/hunting/fishi
ng methods if 
recorded on faunal 
material 
Activity of 
Knowledgeable 
Specialists 
(1) Textual Evidence (1) Evidence of field 
dressing of wild 
carcasses 
(2) Standardized 
butchery practices 
(3) Worked bone 
talismans, tools, 
symbolic artifacts 
Table 4.9: Testable model for adaptive management and knowledge intensity at 
Mashkan-shapir summarizing possible evidence for this characteristic from the text. 
   
 
 The fourth criterion of sustainable agroecology which I have set forth to identify 
at Mashkan-shapir is knowledge intensiveness. As I have argued, the role of both 
traditional and scientific knowledge is critical to sustainable management of resources.  I 
argue that knowledge intensity can be indicated archaeologically by identifying 
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traditional knowledge in practice, as well as the activity of knowledgeable specialists 
archaeologically. Traditional knowledge can be identified archaeologically by the 
presence of production strategies which can be ethnographically linked to modern folk 
practices today, as well as hunting and fishing techniques which are specifically designed 
to target certain species. Table 4.9 contains a summary of how both knowledge intensity 
and adaptive management can be identified archaeologically.     
                  
4.3.3 Shifting Wetlands in Southern Mesopotamia  
  The characteristic flat landscape of the southern Mesopotamian plains is in 
stark contrast to the mountainous zone of eastern Anatolia to the north, where the Tigris 
and Euphrates receive most of their water. The flat low-lying plain rarely rising above 
20m in the flood plain, has facilitated vast fluctuations in the regimes of the Tigris and 
Euphrates rivers as well as the hundreds of streams, marshes, lakes, tributaries, and even 
man-made structures such as canals associated with them. Southern Mesopotamia 
represents an ever-shifting pastiche of aquatic and semi-aquatic ecosystems contrasted at 
its fringe with desert, steppe lands, mountains, and other transitional geographic zones. 
The interaction of different human groups in this pastiche is among the main defining 
factors of early Mesopotamian civilization.        
  Human groups living in Iraq and the surrounding areas during the 
Neolithic learned to adapt to this extraordinarily unpredictable landscape (Méry, et al. 
2008; Nieuwenhuyse, et al. 2012; Sahrhage 2008; Van Neer, et al. 2005). It is not 
surprising that researchers into the initial development of urbanism in Mesopotamia such 
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as Jennifer Pournelle and Carrie Hritz (Hritz, et al. 2012; Hritz and Pournelle, 2011; 
Pournelle 2003a, b, 2007) assign a seminal role to wetlands. Though identifying the 
impetus for initial urbanization is not one of the goals of this study, it is important to 
acknowledge the exhaustive information these quite extensive studies offer concerning 
this phenomenon. Indeed the comprehensive approach of Pournelle (2003b) at landscape 
reconstruction using various lines of evidence establishes, quite convincingly, the 
intimate connection between wetlands and early settlements in southern Mesopotamia.  
 Of course, as archaeologists have argued time and time again, it is likely that no 
one factor was responsible for the urban phenomenon of the 4th millennium BC. Rather it 
likely that this pastiche of wetlands, its neighboring hillsides and deserts and the 
interrelationships between cultures and wild progenitor organisms of Old World 
domesticates and a panoply of socio-cultural factors provided an ideal environment for 
this phenomenon to occur. It is, however, illogical to dismiss the central role of wetlands 
and their resources in the lives of southern Mesopotamian city-dwellers. Indeed this study 
will present data for later cities of the second millennium B.C. that will offer further 
support for this link.         
 Satellite imagery, aerial photography, survey, and geophysical studies have gone 
very far in tracing the fluctuation of this river regime and its associated parts through the 
millennia.  Al-Ansari, et al. (2012) and Sanlaville (2002) provide further information on 
these shifting water resources. Though much fluctuation has occurred, it is important to 
note that the site of Mashkan-shapir, though even now located within the upper flood 
plain of the Tigris-Euphrates system, is very much on the outskirts of the delta, and was 
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never within an area of permanent marsh. However, as illustrated here and in Chapter 2, 
its rise to power in the early second millennium B.C. is intimately linked to the 
meandering of a branch of the Tigris within close proximity, as well as its association 
with a nearby link between the rivers to the north of the site. In many ways, it is even 
more telling that the site's success is associated with this period. One can thus interpret 
the primacy of canals in the city plan as further effort to link the city with these resources.
 The city's canals not only served a delineating and trade function, but they also 
served as a living link to the wetlands. As an artery pumps blood through to sections of 
the body, so did the canals serve to transfuse the marshes into their daily lives. In the case 
of Mashkan-shapir, if the plans of the excavated buildings are any indication, the canals 
transported this ecosystem right to their doorstep.     
 Textual sources mention canals in many contexts, including this linking function. 
I have already provided an example in Lament for Sumer and Ur for the vital view of 
water in the cities. Indeed similar lamentation texts exist which bemoan the destruction of 
the cities of Uruk, Nippur, and Eridu, -(Black, et al. 2009:2.2.4-6). Two versions of the 
composite text entitled Ur-Namma the Canal Digger or Ur-Namma D (Black, et al. 
2009:2.4.1.4 )(Figure 4.3) from Ur and Nippur,  offer more insight into this linking 
function of canals. Perhaps even more telling is another old Babylonian text entitled 
Prayer for Rim-Sin (Gadd and Kramer 1963:#1120), presented below (Figure 4.4). 
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Figure 4.3: Ur-Namma the Canal Builder (Black, et al. 2009) 
 
Figure 4.4: Prayer for Rim-Sin (Gadd and Kramer 1963:#1120). 
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 There is a very deliberate focus on the connection with natural bodies of water 
and their resources. It is clear from such texts that the canal was not considered merely an 
irrigation feature.  Though numerous texts will attest to the canals, dikes, and ditches 
bringing life to the fields, the transformative function of the canals, transfusing culturally 
valued wetland resources such as reeds, fish, and birds into the urban landscape is made 
clear.  The texts also provide an association of vitality, success, and renewal with the 
building and function of canals. Images of weeds growing in the dried up canal beds, the 
absent sounds of boats, the return to desert i.e.," the silent place", are all associated with 
despair and desolation resulting from the loss of the city's water and therefore its link to 
the wetlands.         
 Though modern cities, as mentioned, incorporate green spaces, parks, and foliage, 
these do not serve the same function. To the Mesopotamians they served a life-giving 
role. These canals, ditches and channels, were areas of fishing, trade, hunting, as well as 
irrigation.  As the data will suggest, these same canals fed date orchards and gardens, 
where plants and animals were grown for private consumption; consumption which was 
unregulated by the central authority.  One of the underlying assumption of this project is 
that there existed a substantial marshland cultural component at Mashkan-shapir. 
Whether this represents an endemic marsh-dwelling population, similar to the modern 
Marsh Arabs, or a more fluid group of individuals for whom urban life and marsh life 
form part of an adaptive strategy involving multiple life ways, is not clear.  
 The archaeological evidence, as we shall see, certainly suggests that marshland 
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resources, particularly fish and reeds, were just as crucial to the urban inhabitants of 
Mashkan-shapir as they are to the modern Ma'dan or Marsh Arabs today.  Though much 
has changed since the time of the first cities, the marsh has always had its share of 
permanent and semi-permanent residents. Several studies of modern groups referred to as 
"Marsh Arabs" provide a glimpse into a lives of a people who live in this area. 
Ochsenschlager (2014) provides ethnographic analogies for the artifacts of daily life for 
the Marsh Arabs. He provides a discussion of the use of natural resources abundant in the 
marsh, such as clay and reeds, to manufacture goods, build homes, tools, boats, and 
fishing implements.         
 Jawad (2006) also provides detailed descriptions of the various methods and 
techniques used by modern marsh populations for fishing. His analysis provides 
examples of behaviors which would leave virtually no trace in the archaeological record 
as well as those which may be indicated by material evidence.  Figure 4.5  and Table 
4.10 provide some examples from Jawad (2006) of various fishing techniques designed to 
work in specific settings or to target specific species. 
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Fishing Methods 
No. of 
fishermen 
required 
Period of fishing 
(hours) Amount of catch 
Surface Gill Net 2-4 3-5 6-11 Kg 
Seine Net 15-20 5-7 500-2500 Kg 
Cast Net 1 variable 2-3 Kg 
Pot trap 1 variable 2-4 fish 
Spear 1 1-2 One fish 
Hook & Line 1 variable One fish 
Long Line 1-2 6-10 30-40 fish 
Drift Net 6-8 2-3 10-15 Kg 
Gargoor Trap 2-3 8-10 9-12 Kg 
Valve Room Trap 3-4 8-14 9-15 Kg 
Milan Trap 3-4 24-36 15-20 Kg 
Hadra Trap 3-4 24 10-15 Kg 
Table 4.10:  Lower Mesopotamian fishing methods and their effectiveness as well as 
manpower and time required (Jawad 2006).  
           
 The variety of approaches not only supports the incorporation of vast ecological 
knowledge but also indicates the variability and diversity of techniques applied in such a 
sustainable fishing system. 
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Figure 4.5: Sampling of ethnographic examples of Marsh Arab fishing techniques and 
methods taken from (Jawad 2006) . (A) Surface gill net.  A small boat is usually used to 
operate this type of net. (B) Cast net.  One person operates this net. (C) Pot trap. (D) Al-
Tawamees fishing method.  Man standing on the top of a small reed island holding a rope 
tied to the ankle of another man diving below trying to catch fish. (E) Island on fire; fish 
swimming to the edges of the island where they are caught by the net. 
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4.3.4 Sustainable Wetland Agroecology and Heterarchy at Mashkan-shapir  
 The majority of studies investigate the balance of power in Mesopotamian cities 
in an attempt ascertain the degree of centralization of said "power". Is power solely 
ascribed to the palace? Is power shared between royal elites? Temple hierarchies? 
Neighborhood representatives? Familial or tribal "patriarchs"? Trade guilds, or other 
social, political, or economic entities? How does the distribution of said power categorize 
the southern Mesopotamian urban phenomenon? These are the questions that have 
dominated the discussion of urbanism in the area.  I will continue this line of inquiry. I 
will, however, attempt to address these in conjunction with wetland resources. The 
question we should be asking, however, is what exactly is Power, and how is it 
manifested in the archaeological record. Is power solely the ability to regulate, 
administer, and enforce state law and policy? Is it measured in wealth? Is it perhaps the 
ability to conscript or organize the populace for war, construction, or worship? A quick 
scan of the literature will reveal that all these definitions have been at one point applied to 
recreating the "Tapestry of Power" in ancient Mesopotamian cities. What seems to be 
universally mentioned, yet not elaborated upon, are opportunity and choice. It is clear that 
when considering a heterarchical system of power distribution it is the availability of 
opportunity and choice, or put more directly, the freedom to make choices, that is 
implicit. In fact one cannot begin to unravel the Tapestry without also examining the role 
of these various threads of opportunity common to many cities of southern Mesopotamia.
 These threads as we understand them thus far are many. It is impossible to 
understand the dynamics of Mesopotamian urbanism, for example, without investigating 
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the role of outsiders whether they were nomadic herders in the semi-arid hilly steppe, 
marsh dwelling tribes of the southern alluvium, or farmers in the agricultural hinterland. 
Though a complete study of all these various threads would involve an analysis of these 
as well as foreign components, this study will focus primarily on the wetlands, and hope 
that once a thorough investigation of these other components are completed by other 
researchers, these will only strengthen this argument. Cities of southern Mesopotamia, of 
which Mashkan-shapir serves as a prime example, represented a vast confluence of 
opportunities by which people could yield "Power" in many ways free from the control of 
the major institutions of palace and temple.       
 For example, with a decentralized authority, and a loosely based, mobile social 
structure, all of the classic components of an almost Darwinian competitive system 
exists. Setting aside for the moment the ill-conceived early 19th century perversions of 
evolutionary theory, let us consider the basic biological concepts behind the "Survival of 
the Fittest Schema" outlined in On the Origin of Species and expanded upon in the 
following century.  Darwin's simplified argument, credits the interplay between diverse 
adaptations, competition for survival, and dynamic change for the fitness enjoyed by 
those species best able to cope. Similarly, the niche diversity of the various components 
of the ancient heterarchy, the competition it spawns, and the opportunity and choice 
provided should greatly promote the success of such a society. I would therefore argue 
that not only do the cities of ancient Mesopotamia represent heterarchical power 
structures resulting from a consensus between diverse components, but that a system of 
sustainable production and resource acquisition fits naturally into these structures. With 
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the results of this analysis I will show that the environment provided opportunities for 
various niches from which "power", or more accurately freedom from central control, 
could be exercised. This argument will form the culmination of my analysis, linking these 
two ideas.  I will propose a model for Mashkan-shapir as what I will refer to in the text as 
a sustainable "Wet City", which was governed by the natural synergy of these concepts 
 This statement, of course, may instantly bring to mind several questions and 
skepticism. For example, how does the exploitation of wetland ecosystems fit into this 
power structure? Is there any regulation of access to these resources by the central 
authority? What evidence do the faunal and floral remains from the site of Mashkan-
shapir offer? How significant are such sustainably acquired resources in the economy? 
Are there any data from contemporary sites which support this assumption? I will, 
therefore, attempt to address these questions and present an argument for how patterns in 
the data from Mashkan-shapir may provide evidence for this "Wet City" model. 
Additionally,  I will offer evidence of a city where wetlands are not only a source of 
many resources and thus economic and socio-political power, but one in which the idea 
of urban spaces varies starkly from the modern western conception. Wetlands were 
intimately tied to the dynamic processes of urbanism as well as the urban space. Major 
canals and river tributaries served as ecological vincula linking the urban ecosystem to 
the natural one and the abundance it provided. Access to these resources provided an 
opportunity to sectors of the population who did not have access to political power, land, 
flocks, or other surplus per se. Table 4. 11 below presents a model whereby faunal and 
other data may be used to make this argument.      
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 To emphasize the unique status of Mashkan-shapir I present two hypothetical 
models in juxtaposition with the proposed Wet City model. The first, represents 
hypothetical evidence of what an assemblage associated with an entirely marsh dwelling, 
rural society which is generalized, unregulated, and decentralized, such as the Iraqi 
Ma'dan would look like. I will refer to this model as the Marsh Dweller model. The 
Marsh Dweller model denotes a society, whose welfare, like the modern Ma'dan, is 
intimately connected to that of the marsh.       
 When possible, information about the lifeways of the modern Marsh Arabs will 
be used to help interpret wetland “From an objective environmental perspective...what 
can safely be stated is that until the recent destruction of the marshes, the human 
inhabitants there lived an ecologically sustainable existence. [. . . ] Depending upon 
fishing and hunting within the marshes, and upon sustenance agriculture along the edges 
of the marshes for constructing their artificial islands and homes" (France and 
Ochsenschlager 2007:10). 
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Rural                                                         
"Marsh Dweller"  Model 
Highly Urbanized                    
"City Dweller" Model 
Mashkan-shapir                           
"Wet City"  Model 
D
om
es
tic
 B
ov
id
s 
small scale husbandry larger scale husbandry variable herd 
size/composition 
water buffalo common Sheep and cattle most 
important 
Bovid diversity 
including water 
buffalo 
mixed strategy for 
variety of animal 
products 
specialized strategy with 
intensive focus on 
specific products,  
mixed strategy with 
some limited focus           
emphasis on milk and 
herd security for water 
buffalo or sheep 
intense focus on specific 
resources - meat, milk, 
wool                                                                      
some emphasis on 
wool otherwise 
mixed strategy
Su
id
s 
wild boar common wild boar rare wild and domestic 
types present 
herds not strictly 
managed, no discernable 
mortality profile, security 
emphasized 
herd management 
strategy evident in 
mortality profiles 
multiple strategies, 
mixed mortality 
profile 
free-roaming herds meat focused, piglets 
male mostly 
variability of age/sex 
Local pigs, whole 
carcasses 
pigs raised elsewhere, 
perhaps in more rural 
settlement, partial 
carcasses 
local pigs, whole 
carcasses 
Fi
sh
, B
ird
s, 
M
ol
lu
sc
s 
Most common taxon, 
primary food source 
rare in assemblage diverse, significant 
portion of diet, 
routine fishing 
high diversity, reflecting 
all edible species 
low diversity some diversity 
expected, most if not 
all edible species, 
some bias in 
preference 
access to entire fish parts present, not whole 
animals, evidence for 
transport/trade 
some traded species, 
some present in 
complete state 
W
ild
 
G
am
e common-place little or rare, not diverse, 
parts distributed 
unevenly 
some diversity, 
significant portion of 
diet, routine 
Table 4.11: Comparison of three possible economic models for the site.   
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 The second model represents evidence of an immensely urban society with a high 
degree of specialization, regulation, and centralization when it comes to resources and 
power. The proposed Wet-City model is then offered as hybrid. A model which is urban, 
yet not detached from its natural surroundings. One where the knowledge, reverence, and 
sustainable use of wetland and wild resources, is not alien to its citizens. The data to be 
presented in Chapter 6 and interpreted in the final chapters will test this model and the 
components of this argument provided in Table 4.6 will be further elaborated upon. In 
the section that follows, I will outline the theoretical points concerning how the faunal 
data will be interpreted to address this model. 
                  
4.4. Modeling Patterns in the Faunal Data      
 In this section, I will address how the specific patterns which will be compared to 
the models discussed above, will be extrapolated. The data are divided into categories 
(largely taxonomic) and the major questions that will be asked are outlined. Sub-models 
will be introduced which will describe how the data will be used to answer questions 
pertaining to the data category discussed. In depth information pertaining to the technical 
and methodological portion of the analysis will be presented in Chapter 5. In this section, 
I will focus on how the interpretations of patterns in the data will fit into the research 
framework discussed earlier in this chapter.        
 This section is broken up into categories by type of remains. These subsections 
will discuss domestic bovids, suids, deer and gazelle, fish, birds, molluscs, and lastly, 
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worked bone. In addition to archaeological data and the results of Stone & Zimansky's 
excavations, preliminary information on botanical remains from Charles (1992a) 
unpublished will be referenced in each of these category subsections where appropriate.  
Lastly, a discussion of how patterns in each of these categories of remains can be applied 
to the investigation of the role of wetlands at the site will make up the final subsection. 
 To examine the question of social organization at the site it is necessary to 
ascertain four basic types of information from faunal remains: Taxonomic diversity, 
distribution of taxa and their parts, herd management, butchery, processing, and 
modification, as well as preservation.             
                
4.4.1 Research Questions: Domesticated Bovids     
 Domesticated bovids at the site include Sheep (Ovis aries), Goat (Capra hircus), 
Cattle (Bos taurus), as well as Water Buffalo (Bubalus bubalis).  The husbandry practices 
and goals of production of these taxa are very different. Additionally, each taxon can 
provide people with a variety of resources. To examine the question of social 
organization at the site it is necessary to ascertain four basic types of information from 
faunal remains: taxonomic diversity, distribution of taxa and their parts, herd 
management, butchery, processing and modification, and lastly, preservation.  
 For this group of species, information on the composition, quantification, and 
diversity of the assemblage provides essential information when attempting to answer the 
most common questions having to do with diversity. Table 4.12 below outlines the major 
questions that I will ask of the data concerning these five categories. Where possible 
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some hypothetical results and conclusions they support have also been outlined in this 
table.  
Ovicaprids (Sheep & Goats)        
 In the texts from the site of Drehem mentioned earlier(Kang and Urbana 1972), 
much attention is paid to the sheep and goat. This has to do with the land required for 
grazing as well as the multiple utility of these animals. Processing of sheep for meat, 
wool, and milk is recorded in the texts at Drehem. Though similarities exist with the 
management of sheep and goat, differences are indicative of their varying use. Today's 
sheep and goat flocks, reflecting the overall trend of animal husbandry, are highly 
specialized. Several breeds exist having been bred for enhancement of some commodity. 
 Ancient domesticate animals were far more generalized, yet much can be gleamed 
about the production strategies practiced at a site by examining the sex & age profiles of 
the assemblage, as well as evidence of ancient production strategies A focus on meat, 
wool, or milk reflect different production strategies which can be tested in the 
archaeological record. “If meat is the aim of production, most of the young males are 
killed when they reach the optimum point in weight-gain, only a few being kept for 
breeding”(Payne 1973:27). In this scenario, one expects the assemblage to be dominated 
by young adult males at the optimum meat-yield age and older breeding females, with 
few older males represented necessary for breeding.     
 If milk production is desired, surplus lambs are killed off as soon the yield of milk 
is not endangered (Payne 1973:27). This strategy results in an assemblage dominated by 
young male lambs and older females. My preliminary analysis at Mashkan-shapir thus far 
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shows that sheep outnumber goats by nearly 8:1, with older male and female animals 
being very common, indicating a possible investment in wool.  If wool production is the 
aim, the faunal remains will reflect an emphasis on older individuals of both sexes 
(Payne, 1973:27). Additionally, as is common practice with wool producing strategies, it 
is expected that a large majority of these males will be castrated wethers, due to issues of 
wool quality and controlled breeding.  A summary of these production strategies and how 
they may be reflected in the assemblage is given in Table 4.12. 
 
 
  Male Strategy Female Strategy The Assemblage 
Meat 
Production 
Males killed 
off at meat-
optimum age 
Females maintained 
to breeding age, then 
culled. 
Dominated by older 
females and meat-
optimum aged males 
Milk 
Production 
Slaughter of 
male lambs as 
infants 
Females maintained 
to until milk 
production ceased 
Dominated by older 
females and very young 
males 
Wool 
Production 
Males 
maintained  to 
old age, likely 
as castrated 
wethers 
Females maintained 
to old age 
Dominated by older 
wethers and females, in-
tact males rare. 
Table 4.12: Some production strategies for ovicaprids and how they are reflected in the 
assemblage. 
            
 In order to address issues of access to animals and their products, species and 
skeletal element distribution spatially throughout the site is critical I will examine the 
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distribution of sheep and there parts to determine if any bias is evident that may help 
support or contradict the models I have set forth in this chapter for the site as a 
heterarchically organized, sustainably managed system. I will also attempt to identify, if 
possible, where these animals are raised and who may be raising them. Additionally, 
butchery profiles and evidence of cooking and processing will also be used to determine 
the role of these animals at Mashkan-shapir and what they can tell us about the political 
organization of the site. Table 4.13 below presents some of the patterns that can be 
identified by the distribution of sheep and goat remains at the site. 
 
Criterion 
Unrestricted /Direct 
Access 
Unbiased 
Restricted/Indirect Access 
Biased 
Skeletal Element 
Abundance 
●whole animals 
represented                  
●ratio of species found 
and/or parts represented is 
steady throughout site    
●bias towards certain parts 
Age & Sex Profiles ●individuals of various ages represented 
●bias towards specific 
age/sex group to optimize 
specialization/intensification 
some commodity: meat, 
milk   
Butchery Patterns 
●diverse butchery 
practices with local 
variation 
●standardized butchery 
practices 
Species Abundance ●High diversity, many taxa represented 
●low diversity, emphasis on 
certain taxa 
Table 4.13: Some bovid distribution models. Table based on information from the text of 
Zeder (1991) 
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Large Domesticated Bovids (Cattle & Water Buffalo)    
 Cattle require large tracts of grazing land and water resources, and in 
Mesopotamia, as evidenced at Drehem, are highly regulated commodities. At Mashkan-
shapir, preliminary analysis by Meadow (Stone, 1990) and myself have shown that cattle 
is virtually absent at the site. The only skeletal elements I was able to identify at 
Mashkan-shapir in the pilot study to this analysis were phalanges. This may be partially 
due to the small sample of the site analyzed thus far. It is also possible that cattle will 
represent a prestige taxon whose distribution at the site will be limited to certain contexts.  
Cattle, due to their requirements for large amounts of land and water, are likely to reflect 
indirect acquisition. “Cattle are much more closely tied to settlement and arable land, 
making them better candidates for central control. In particular, cattle pasture and water 
requirements, plus the utilization of cattle for potentially competing resources (meat vs. 
labor), may have encouraged a higher degree of central regulation over cattle production” 
(Zeder 1994:28-29).  Stone (2012) suggests that the low proportions of cattle at the site 
indicate the lack of an extensive agricultural hinterland at the site, suggesting that this 
would lessen the need for cattle as draft animals. This suggestion, is in fact supported by 
geophysical analysis at the site by Wells (2004), whose data also suggested that the site's 
agricultural hinterland was limited (Stone and Zimansky 2004). Though the cattle 
material from the site is limited it may be possible to examine the cause of the scarcity of 
cattle at the site. Whether cattle are rare at the site due to their high nutritional needs, or 
due to the decreased necessity for work, it brings up many interesting questions which 
this study will attempt to address. Additionally, where possible I will attempt to 
   
  123 
distinguish between cattle, and water buffalo at the site to further shed light on this 
matter. As the existence of a marshland cultural component is one of the central themes 
of this study, water buffalo may be expected amongst the remains. Kubba (2011); 
Ochsenschlager (2014); Thesiger (2007); Willem Ertsen (2007) all describe the intimate 
connection that the modern Marsh Arabs share with their water buffalo. Water buffalo are 
treated as members of the family, and their meat is not often eaten and upon death they 
are buried and mourned. "...they have observed the sadness of mother buffalo that have 
lost their young. Marsh Arabs usually slaughter male buffalo shortly after their birth to 
take advantage of their soft meat. To help the mother, they stuff the skin of the 
slaughtered calf with straw and reeds, and place its mummified body by its 
mother"(Saleh 2012:5.4.1). The rarity with which modern Marsh Arabs slaughter their 
buffalo, as well as specific burial rituals for dead animals, may pose a challenge for 
quantifying how many buffalo were present at the site. It is likely that the remains of such 
animals would rarely be found among food refuse.           
                  
4.4.2 Research Questions: Suids       
 Many studies in Near Eastern faunal economies have focused on sheep, goat, and 
cattle. This is due to the extensive contemporary textual records that exist documenting 
the husbandry, processing, distribution, and transport of these animals in Mesopotamia 
such as those uncovered at the Ur III period animal processing center at Drehem (Kang 
and Urbana 1972; Zeder 1991, 1994). The role that the pig has played in Mesopotamian 
economies has been elusive. It is virtually absent in the written record, yet is very 
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common in the faunal assemblages of many sites (Zeder 1992:31). At the Old Babylonian 
site of Tell ed-Der, for example, pig makes up nearly 30% of the faunal sample (Bökönyi 
1978:189). This is a perplexing because pig has certain intrinsic characteristics that make 
it a sustainable source of food. "Pigs are fast-growing; they make the greatest gains in 
live weight for the amounts of food eaten; and they yield the highest percentages of 
carcass to their live weight” (Van Loon 1978:84).     
 Pigs can be raised on a small scale and produce significant amounts of meat. They 
also consume a varied diet of agricultural products as well as household refuse (Zeder 
1991). They mature quickly and produce large amounts of both fat and meat: “The 
average piglet weighs 3 pounds at birth, doubles that weight in its first week, and goes on 
to a final weight of 220 pounds in less than a year “(Van Loon 1978:84). Lastly, pigs do 
not require large amounts of grazing land as do sheep, goats, and cattle. Due to these 
factors, the rearing of pigs represents a free enterprise which can be accomplished at the 
local level without the regulation of a central authority (Zeder 1991).  
 These characteristics make pig remains good indicators of local meat production. 
“The difficulty of large-scale pig rearing in arid environments without benefit of modern 
technology for cooling, without water provisioning,  and without crowd control (pigs 
fight when kept in overly cramped conditions), probably precluded the development of 
specialized, centrally regulated pig production in southern Mesopotamia” (Zeder 
1994:21). On the other hand, the suitability of swine to small scale sty management and 
their ability to convert urban refuse into large yields of high calorie meat made pigs an 
ideal “garden crop” for individual urban households (Zeder 1994:21)  
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 My analysis of the pig remains at Mashkan-shapir will shed light on two ideas. 
First, the economic significance of pig at the site in terms of subsistence and contribution 
to the diet, and Second, the role of the pig as a source of "power" in the form of an 
unregulated, highly productive "garden crop". The results of my preliminary analysis 
suggest local production of pigs by individual households. This analysis will therefore 
attempt to quantify how significant a role pigs played at Mashkan-shapir. I will also 
attempt to identify who is raising these pigs, and what pig rearing strategy is best 
supported by the data. This will allow me to address the models of heterarchy and 
sustainability as they pertain to pig husbandry.       
 Species-abundance data from my pilot study and Richard Meadows’ (E. Stone 
1990) analysis suggest a large amount of pig remains in the assemblage. This makes a 
strong case for the economic significance of pig at the site. Species-abundance data for 
the whole assemblage will provide a better idea of how significant pigs were at this site. 
 In order to address the acquisition of suids in the collection, I will produce 
skeletal part distribution diagrams (as well as age mortality profiles using these data). The 
methodology behind such diagrams will be discussed in Chapter 5. In Feeding Cities 
(1991),  Melinda Zeder argues for the differences between direct and indirect acquisition 
of meat. Direct acquisition is linked to access to entire skeletons. Individuals may own an 
animal and will be responsible for its butchery and distribution. In these cases one would 
expect all parts of the animal to be present in the assemblage. In contrast, if an animal is 
acquired by indirect means, either by purchase from a butcher, redistribution from the 
state, or trade with neighboring pastoralists, one would expect a bias in the body parts 
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making their way into the assemblage. As I have already mentioned, the nature of pigs as 
a “garden crop” make it very likely to be represented by entire skeletons. In fact, 
preliminary data from my pilot study indicate this pattern may be the correct one. If so, 
the pig may represent an unregulated resource with which a large portion of the society 
was able to supplement their diet and economy.      
 Age of death is also an important indicator of pig-rearing strategy. Pigs tend to 
reach the optimal age for meat bearing and slaughter at just over one year. Past this point, 
meat return, although increasing, will require more input of food (Van Loon 1978:83-84). 
Thus one would expect pigs primarily raised for meat to yield mortality profiles in this 
age range.  A third item which can yield information for modeling pig rearing strategy is 
butchery pattern. In a direct access or local model, one would expect to see a variety of 
butchery patterns throughout the assemblage, due to the idiosyncratic behavior of the 
individuals butchering the animals. One would also expect little standardization in 
butchery practices. In an indirect access model, the provisioning body would likely 
ascribe to standardized butchery practices that will be reflected in the assemblage.   
 
4.4.3 Research Questions: Fish      
 Although some documentation for fishing exists in the Mesopotamian textual 
record, the extent to which marine and riverine resources played a role in the 
Mesopotamian diet is not well understood. Mashkan-shapir represents a unique 
opportunity to look at fish and diet in the Old Babylonian period. An extensive regimen 
of flotation at the site yielded a very rich faunal record for fish, birds, small mammals and 
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shells. The fish remains from the site will be critical in quantifying the role of wetland 
resources at Mashkan-shapir. A central assumption of this research is that fish and other 
wetland resources formed a significant component of the faunal economy. Via 
sustainable fishing strategies, free and direct access to aquatic resources using urban 
canals and waterways, and traditional ecological knowledge, the residents of ancient 
Mashkan-shapir were able to greatly supplement their economy. The importance of fish 
in the lives of Southern Mesopotamian urbanites is summarized by the following 
Sumerian proverb: 
 
Things may be traded in the city but it is the fisherman who brings in the food supply. 
      (ETCSL 1998:1.74:25) 
 
 Using this rich faunal record of fish recovered from flotation, I will attempt to 
identify the components of sustainable wetland exploitation identified in the previous 
section. In doing so I will quantify just how significant fish were in the diet of Mashkan-
shapir. I will also attempt to identify where the fish are coming from and whether local or 
long distance fishing being practiced, as well as the existence of professional fishermen. I 
will also attempt to identify continuity in fishing methods and fish preparation methods.  
 In order to quantify the role of fish at the site, I will attempt to calculate live 
weight estimates using the fish remains. I will also attempt to provide answers to these 
question by examining species abundance, skeletal part distribution, evidence for burning 
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and preparation. As mentioned earlier, fishing implements found in the residential areas 
during the survey seasons suggest that fishing was widespread. A look at the fish remains 
will help quantify this phenomenon. The presence of fish from bodies of water long 
distances away would indicate trade.   Trade can also be indicated by skeletal element 
representation. Because fish, unlike pigs and bovids, tend to spoil very quickly, and 
cannot be transported “on the hoof”, processing of fish can be indicative of transport. 
 Zohar, et al. (2001) examined fish remains at sites along the Mediterranean coast 
of Israel and determined that skeletal part distribution could be used to indicate if fish 
were traded. They argue that fish cranial parts are discarded at fish processing sites, 
usually at or near the fishing source, therefore only body portions are uncovered in 
archaeological sites. Local species, perhaps from fishing in the canals at Mashkan-shapir, 
would thus be present in whole parts, while species acquired through trade or exchange 
would be biased towards those parts that were easier and more sanitary to transport. 
Others, such as Flad (2005), investigating fish remains in Chinese sites, have argued that 
salting was used as a method for preservation and can be identified in the archaeological 
record. All of these strategies will be considered when examining the fish remains from 
Mashkan-shapir.          
                      
4.4.4 Research Questions: Invertebrates      
 The waters of Mesopotamia are home to many invertebrate species. Freshwater 
mussels, clams, and freshwater crabs are all of edible size and have been found in 
abundance throughout the Mashkan-shapir assemblage. Chapter 7 will provide a short 
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introduction to the species present at the site. Remains of freshwater mussels are 
numerous at the site. Though in many cases, the preservation problems at the site have 
led to much fragmentation of mollusc shell remains, they are present in some form in 
over 60% of all contexts at the site. Freshwater clams are also present, though less 
common. Within burnt flotation samples, remains of freshwater crabs of the family 
Potamidae were also found. Though preservation does not favor the survival of chitinous 
exoskeletons of such crustaceans, it would appear that the intense burning in some 
contexts of the site facilitated carbonization of these remains.    
 In order to ascertain the role of molluscs in the site economy, I will attempt, as 
done for the fish, to calculate edible weight for bivalve shells such as mussels and clams. 
Species data on the various molluscs in the assemblage will be compared with modern 
data on these animals to examine the relevance of gathering methods, seasonality, 
nutrition, and in some cases working of shell. Interestingly, very little is known about 
edible shell from Mesopotamia. Archaeological and textual evidence attest to its 
cosmetic, decorative, aesthetic, and ritual uses, though very little is known about shell 
which was eaten. Many reports which discuss the role of shell in ancient Mesopotamia, 
not surprisingly, have focused on the aesthetically pleasing or ascribed magical value of 
often elaborate colorful gastropod and bivalve species.      
 Aynard (1966) emphasizes the use of shell to make jewelry and perform magical 
rites, but also suggests that the ancient Mesopotamians ascribed apotropaic, protective, 
and curative powers to shell. Essentially, the function of the shell is defined by its beauty; 
"ils ont été utilisés pour la confection de colliers souvent mentionnés dans les textes 
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magiques. Il est certain que les anciens attribuaient aux coquilles des vertus 
prophylactiques et curatives. Leur valeur esthétique (forme et couleur) devait également 
jouer un rôle" (Aynard 1966:33). Gensheimer (1984), on the other hand, argues that due 
to these appealing qualities, the trade in exotic shells was thriving as early as the 4th 
millennium B.C.E          
 Though the Mashkan-shapir collection, as I shall demonstrate, does contain some 
examples of decorative shell, the molluscan remains are overwhelming those belonging 
to mundane, often drably colored, food species. In fact, the fresh water clam genus 
Corbicula, which is within its native environment in the Mesopotamian flood plain, has 
become one of the most destructive invasive species of clam on the planet. Due to its 
position in the diet of many East Asian cultures this fast breeding, competitive taxon 
makes up for its utter lack of aesthetic value with its ability to produce meat quickly and 
efficiently (Figure 4.6).         
 This study will focus on edible mollusc and crustacean species and their 
contribution to the diet and economy of the site. Evidence for processing was collected 
along with distribution, metrical, and live weight estimation data in order to quantify the 
role of this ubiquitous source of food. 
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Figure 4.6: Invasive Corbicula clams. Image from Korean Market Chain HMart in their 
Flushing, New York Location 
           
 To further complicate the analysis, many invertebrates, as well as many fish 
species, are currently not eaten by the modern inhabitants of Southern Iraq due to Islamic 
food prohibitions. When attempting to define, archaeologically, a sustainable pattern of 
wetland resource acquisition, exploitation of molluscs for food is assumed to be a logical 
practice. To incorporate these resources into the project aims, I will examine the 
significance of edible molluscs in the assemblage as well as any patterns in their 
consumption and acquisition which can help me understand how they fit into the models 
suggested for the site.  
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4.4.5 Research Questions: Waterfowl and Other Wild Taxa  
 Hunting has always played a role in Mesopotamian culture for kings and 
commoners alike. From the elaborate painted murals glorifying the king on his hunt to 
the subsistence hunting still practiced by Marsh Arabs today, it has been an important 
activity in Mesopotamia. My preliminary analysis indicates the presence of many 
varieties of wild game throughout various contexts at the site. These include wild species 
such as gazelle, roe deer, fallow deer, cormorants, geese, ducks, widgeons, coots, rails, 
flamingo, rabbits, tortoises, and wild boar. The waterways of the site would have drawn 
many of these species very close to the city. My preliminary analysis has revealed that 
they formed a substantial part of the diet. As outlined earlier in this chapter, one of the 
hallmarks of sustainable production is biodiversity. Sustainable hunting is subject to the 
same rules and requirements as sustainable agro-ecology. In fact, in an ideally structured 
agroecosystem, one where humans, though input of original energy and time investment, 
have transitioned from "farmers" to synergistic components of the system, or effectively, 
the apex predator.   By examining the wild taxa at the site I should be able to identify the 
significance of wild game and waterfowl in the diet of the residents of Mashkan-shapir. I 
also attempt to ascertain if these resources are restricted to certain segments of society or 
if they represent resources available to everyone. Additionally I will attempt to use these 
hunted taxa, as I will for fish to identify traditional hunting strategies and other 
sustainable methods outlined in this chapter.       
                  
                
   
  133 
4.4.6 Addressing the Data        
 In the next chapter, I will provide an outline of the procedures and methodology 
followed to conduct the analysis. This will be followed by an exposition of the results in 
detail in Chapter 6. A discussion of these results will follow in Chapters 7 and 8. Chapter 
7 will serve as a resource to provide critical information concerning the behavior, 
biology, habitat, and cultural relevance for the diverse cast of species at the site. The 
questions and models proposed in the current chapter, however, will be re-addressed in 
the final discussion Chapter 8. This chapter will contrast the proposed models with 
observed results as well as attempt to answer the questions presented here based on the 
data from Chapter 6. Chapter 8 will also bring in external comparative data as well as 
what data exists from the site on botanical remains in order to address the models and 
support the hypotheses therein. 
 
 
 
 
 
 
 
 
 
 
 
 
   
  134 
Chapter Five: Methods & Procedures 
 
5.1 Introduction. 
 Material from the 1990 excavations at Mashkan-shapir formed the basis of this 
analysis. Information was collected on as many criteria as possible from skeletal remains. 
This analysis relied heavily on available zooarchaeological literature, institutional 
comparative collections, published osteological diagrams and atlases, online digital 
skeletal data bases, as well as an extensive personal comparative collection. Although this 
analysis emphasizes taxonomic identification, skeletal element distribution, age and sex 
data, reworking, and preparation by humans, multiple additional fields of information 
have been recorded for future analysis and publication.  A detailed account of the types of 
information recorded as well as the ways in which the information was interpreted will 
follow in this section.          
                             
5.2 Field Collection Procedures.       
 Material from Mashkan-shapir was collected during the course of excavation in 
the winter and early spring during the 1990 excavation season (Stone, et al. 1991). The 
materials originate from meticulous excavation as well as extensive flotation. A modified 
locus system was used for record keeping and individual artifacts as well as ceramics, 
bone, and shell were collected as "Lots" correlating to their specific context on a daily 
basis. Although a zooarchaeologist was not present in the field it is clear that collection of 
faunal material was quite thorough. From a quick assessment of the collection method 
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based on the observed collection of small unbroken fragments and microfauna by the 
excavators it is clear that a strategy of "collect first, ask questions later” was followed by 
the excavation team. This resulted in an unbiased and near total collection of diagnostic 
as well as non-diagnostic bone fragments (Table 5.1).  In order to understand the 
extensive presence of fresh breaks at the site (Table 5.1), it is important to note the 
degree to which the highly salinized soils of the southern Mesopotamian alluvium wreak 
havoc on faunal remains. Similar conditions have been described by other excavators 
working in the area (Clutton-Brock and Burleigh 1978:7; Jans, et al. 2002). "In semi-arid 
environments in semi-arid areas the alternate wetting and drying of saline deposits leads 
to the growth of salt crystals and ultimately to the destruction of any bone present in the 
affected zone"(Meadow 1980).         
 This problem is essentially an unavoidable reality of excavation in the 
Mesopotamian floodplain. My assessment therefore suggests that excavators at Mashkan-
shapir were able to recover even small unbroken fragments from the deposits while 
dealing with the Sisyphean task of preventing bone breakage due to salting. The 
collection efficiency, however, does have one caveat, of the over  14,000 bone fragments 
produced from these ten grids, more than half were not largely not included in this study 
apart from documenting the distribution of fresh breaks, fracture type, and in some cases 
occurrences of burning.  This phenomenon is further aggravated by the density of the 
clay in southern Mesopotamian sites, which when compacted and dried after exposure 
can harden significantly in some cases further destroying a specimen.  I was able to 
observe this phenomenon first hand during excavations at Tell Sakhariyah in the outskirts 
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of Nassiriyah, southern Iraq, in the winter of 2011/2012. One can liken the excavation of 
animal bone in such contexts to removing confetti from brittle chunks of concrete.  
Occasionally, salt encrustation was visible on samples (11.5%) from excavation and 
sieving. This condition often made it difficult to note features on bone and identify 
remains (Figure 5.1).          
 This condition will be discussed further in a subsequent section.  To add to the 
problem of fragmentation of the samples, export rules were subject to last minute 
changes. The team were prepared to export three trunks of faunal material but limited in 
the end to only one large trunk, forcing a hurried repacking effort which ultimately led to 
a much more densely crowded and less insulated shipping method invariably adding to 
the breakage problem and resulting in surface samples being left at the dig house. These 
problems notwithstanding, field collection of excavated and sieved material was 
exceptionally thorough.          
 The faunal material from flotation exhibits far better preservation overall. Over 
120 flotation samples taken during the 1990 field season from most contexts throughout 
the excavation area.  Flotation samples from fire installations (tanours, hearths, etc.) were 
by far the best preserved as far as faunal remains are concerned.    
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Excavation Unit 
(10x10m) 
Percentage of Lots 
containing small unbroken 
bone fragments and/or 
micro-fauna 
Percentage of lots 
containing 
significant fresh 
breaks                                                                                                                                                                                           
3H18 76 80 
3H19 58 90 
3H28 80 76 
3H29 54 84 
3H38 84 77 
3H39 91 75 
4H10 86 70 
4H11 83 75 
4H20 89 78 
4H30 62 92 
Table 5.1: Assessment of excavator selective bias and occurrence of fresh breaks on 
bones from all units at Mashkan-shapir. Unbroken fragments were defined as being less 
than 2cm in length lacking any indication of fresh breakage. Significant fresh breaks 
were defined as those which resulted in sub-fragments greater than 1cm. in size.  
 
Figure 5.1: Close-up image of a bovid maxilla fragment showing salt crystal encrustation 
and damage to the bone rendering it barely recognizable. Photo by Demetrios Brellas. 
   
  138 
Though a degree of fragmentation of fragile fish remains is clearly present in almost all 
contexts, over 2000 complete or nearly complete fish remains were identified from 
flotation.   
 
5.3 Laboratory Preparation and Pre-Analysis Procedures  
 The Mashkan-shapir collection had passed through the hands of a small number 
of researchers including graduate students at Stony Brook University from 1990 until 
2008 when I began my analysis. Though this included a short report provided to the 
principal excavators by Richard Redding in 1992 consisting of bone counts and weights 
and basic taxon identification, the collection remained unwashed, unnumbered, and 
unsorted. Apart from their original sorting from the heavy fraction in the field the 
flotation sample bone had not previously been examined by anyone.     
 Laboratory preparation of the specimens began with light rinsing of the macro-
remains in tepid water and removal of stubborn debris by brushing with a soft-bristled 
toothbrush and sponges. Following air drying in an indoor setting, larger samples were 
labeled using an ultra-fine Sharpie marker with their context information. Numbering was 
done on bone surfaces devoid of diagnostic landmarks or features. Specimens either too 
small to be numbered as in the case of microfaunal remains or those lacking appropriate 
surfaces, such as, horn cores and other irregular bones, were placed in small plastic zip 
lock bags labeled with context information.  It was also at this step that counting of 
fragments per context was done. Specimens were not weighed collectively in Lots, as this 
information has very little use in such an analysis, but also, as Lots do not always 
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represent complete contexts as several lots may be collected from one context over the 
course of excavation. In addition, due to the grid and locus system applied, a context was 
very often separated between several excavation loci as well as grid squares. Identifiable 
small fragments and micro-fauna were placed in small zip-loc bags or 2 oz. SOLO brand 
plastic condiment containers, which were then labeled with context information.  In most 
cases the numbered lots of bone and their descendant bags or containers were then re-
bagged along with the original lot receipts from the field. After nearly 20 years of storage 
many of the original bags were replaced.  Flotation bone samples were not processed at 
all during this phase apart from replacement of old and damaged plastic bags or 
containers where necessary.           
                   
5.4 Identification Procedures and Methodology             
 As mentioned in a previous chapter, wetlands are among the most bio-diverse 
natural environments on earth. This diversity of wild species coupled with the traditional 
retinue of near eastern domesticates made for a very taxonomically diverse assemblage at 
Mashkan-shapir.  Though determination of species is always the goal of such an analysis, 
several challenges are presented to the researcher when investigating such an assemblage. 
At Mashkan-shapir these were not limited to the characteristic zooarchaeological 
conundrums of sheep vs. goat or pig vs. boar. The presence of wild ruminants and closely 
related families of waterfowl, fish, and molluscs in the assemblage is very informative 
when attempting to understand patterns of wetland exploitation and sustainable hunting 
and fishing at ancient Mashkan-shapir. However, this also requires the researcher to have 
   
  140 
a very broad knowledge of comparative osteology and morphology as well as a veritable 
panoply of atlases, manuals, online osteology libraries, and comparative specimens. In 
this section, I will outline precisely the criteria that were used to address some of the 
identification issues in the collection after briefly describing the series of events that 
contributed the most significantly to amassing some of the skills required to address such 
an assemblage on my own.          
 The identification phase of the project was by far the most intensive and time 
consuming, spanning nearly six years in total as I decided how to address the problems 
posed by such a collection. During this time from 2008 to 2014 several key events took 
place. Though I had studied faunal analysis for nearly ten years already, having studied 
under Curtis Marean at Stony Brook University in the late 90's, I was fully unprepared 
for such a diverse collection. The first steps toward preparation occurred in 2008 as a 
visiting Boston University Student in the Zooarchaeology laboratory course of Richard 
Meadow at Harvard's Peabody Laboratory. Professor Meadow, having already studied 
the material from the 1987 season at Mashkan-shapir (Meadow 1990), was the most 
obvious starting point for tackling this collection. With the assistance of Richard Meadow 
and Peter Burns at the Harvard lab, the pilot study for this dissertation was completed and 
proposed to Boston University.  I began a steady process of preparation of comparative 
specimens of my own as well as knowledge of relevant literature and collections. 
Subsequently, I began work excavating at the Iklaina Archaeological Project where I 
worked in the field as well as in the zooarchaeology lab of Deborah Ruscillo, who 
became one of my principal advisors. It was under Dr. Ruscillo's supervision where the 
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subtle differences between bovids both wild and domestic as well as the morphology of 
mollusc remains were further demystified. In the winter of 2011/2012, I accompanied 
Professors Elizabeth Stone and Paul Zimansky, and their team to the archaeological 
investigation of the site of Tell Sakhariyah in Southern Iraq. During that winter I was able 
to see, first hand, the field conditions in Iraqi sites as well as complete a preliminary 
analysis of some of the material from the excavation in the field, familiarizing myself 
further with the fauna of Southern Iraq. In addition, the opportunity to collect 
comparative samples of various types of fresh fish (Cyprinidae in particular) and 
molluscs to add to my personal collection proved essential when completing the analysis 
of the flotation samples.  We were also able to visit the marshlands in southern Iraq by 
small watercraft and investigate the setting as well interact with the people who lived 
there which helped contextualize the environment.      
  One cannot completely comprehend the vast opportunities offered people by 
wetland ecosystems unless they also have the opportunity to visit them and witness this 
first hand. Lastly, in the summer of 2013, I became the principal zooarchaeologist at the 
site of Molyvoti in Thrace, Northern Greece. The site, nested right in the middle of 
extensive Thracian coastal marshland, was the closest analog outside of Mesopotamia for 
Mashkan-shapir. The faunal remains from that site, I quickly learned, were even more 
diverse than those from Mashkan-shapir, largely owing to the presence of a multitude of 
marine species, as well as better overall preservation. The application of methodologies 
used to approach the Thracian fauna in the light of sustainability to Mesopotamia and 
   
  142 
vice versa, coupled with a strong working knowledge of fish and waterfowl remains 
allowed me to finally compete the analysis of the Mashkan-shapir material in 2014. 
                   
5.4.1Pre-Identification: Sorting and Refits      
 Identification of macro-mammalian remains began with sorting individual lots 
firstly into skeletal element for the purpose of refitting. This sorting was often done 
solely with basic knowledge of comparative anatomy, as identification was not the goal. 
For more challenging fragments, comparative skeletons of closely related species or 
simple skeletal drawings such as those provided by Hillson (1999), France (2008), 
Gilbert (1990), and Brink (1992) were consulted.  Lot numbers from the same locus and 
adjacent loci were sorted at the same time while keeping lots separate using colored tape.  
This was done in order to attempt refitting where possible. Keeping skeletal elements 
grouped together facilitated the refitting process.       
 The refitting program produced an informative result (Tables 5.2 to 5.3). The 
refit distance at the site, appears to have been quite low. This suggests that little mixing 
of material from nearby archaeological contexts occurred. It is, however, important to 
note that E. Stone (1990), describes deflation of archaeological sediments due to wind 
and water erosion.          
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Building Refits within Loci Refits Between Loci in the Same Room 
Refits 
Between 
Rooms 
Building A 61 7 2 
Building B 17 6 0 
Building C 43 3 0 
Building D 48 8 1 
Building E 11 1 0 
Table 5.2: Bone refits at Mashkan-shapir and refit distance. 
 
Building Refits with Fresh Breaks Refits with Ancient Breaks 
Building A 64 6 
Building B 23 0 
Building C 42 4 
Building D 47 10 
Building E 12 0 
Table 5.3:  Refit type at Mashkan-shapir including fresh and ancient breaks. 
 
It is possible simply that lighter bone fragments were simply cast away from the site in 
this manner. Recording of observed traces of weathering on bones described in a 
subsequent section, although not part of this analysis, may serve to address this issue in 
the future.           
                   
5.4.2  Specimen Identification       
 Beginning with the remains from excavation, final identification of skeletal 
element, symmetry and taxonomic group was next attempted. It is important to note here, 
that in addition to the individual sources used as references that will be listed in this 
section, this analysis could not have been completed without the use of several personal 
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comparative skeletons. Prepared comparative specimens were particularly crucial to the 
identification of native carp, catfish, and molluscs.  These were collected in Iraq in the 
winter of 2012 from the remains of meals prepared at the dig house and have known live 
weights and species identification in the case of fish, or were collected (dead)  from the 
banks of canals and marshes as is the case of the molluscs.  In addition to the online and 
comparative sources mentioned, an extensive list of published identification guides and 
regional reports were consulted when specimens were identified. Table 5.4 lists the 
sources used during this analysis organized by category of animal remains. 
 During identification, related lot numbers were analyzed at the same time, 
although kept separate (as above), in case skeletal elements belonging to the same animal 
or with the same overall preservation, color, or condition were present between lots. 
Having more than one representative sample of a species, in particularly a less common 
one can aid in identification. This was often the case with wild ruminants at the site and 
also served as a way to build up a working knowledge of the species presence, in 
particular during the early phases. A simple hand lens was used to aid in the identification 
of the remains from excavation, but this was quite rarely necessary.   Flotation sample 
bone lots were analyzed individually. These were poured onto white paper plates and 
sorted and identified with the assistance of a low power digital microscope, hand lens, 
light tweezers, and an ultra-fine brush if necessary. Distinguishing between closely 
related fish among Cyprinidae was a multi-step process, relying on comparative 
specimens collected in Iraq, online and printed atlases, as well as comparative dental 
formulae, and structure of oral parts.  
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Animal 
Category Publications 
Mammals  
(Amorosi 1989; Bate 1906; Bensley 1910; Brink 1992; Chomko 
1990; Fahimuddin 1975; Gilbert 1973, 1980; Hatt 1959; Hillson 
1999, 2005; Holden 1887; Jones and Stanley 1975; Kenner 
1965; Kowalevsky 1873; Leach and Kleer 1978; Lyon 1901; 
Major 1902; Olsen 1964; Pales and Lambert 1981; Peters 1986, 
1988; Prummel 1987; Ryder 1969; Sanborn 1940; Schmid 1972; 
Singh and Johari 1974; Wassif 1960)  
Birds  
(Abed 2007; Boev 1988; Chamberlain 1943; Cohen and 
Serjeantson 1996; Cramp 1977; Eastham 2009; Fitter 1978; 
Fitzgerald 1991; Gruber 1990; Hoch 1974; Howard 1980; 
Kellner 1986; Lorch 1992; Olsen 1972; Otto 1981; Tomek and 
Bochenski 2009; Woelfle 1967; Woolfenden 1961)  
Fish 
(Alkahem, et al. 1990; Almaça 1983; Birindelli 2014; 
Bogutskaya 1994; Cannon 1987; Carpenter and Johnson 2002; 
Clothier 1950; Coad 1996; Eastman 1980; Ford 1937; Fujita 
1994; Granadeiro and Silva ; Härkönen 1986; Hilton, et al. 
2010; Hussain, et al. 2009; Hussain, et al. 1997; Khalaf 1961; 
Lühe, et al. 1961; Mahdi 1962; Nasiri and Hoda 1976; Olsen 
1968; Shafi and Jasim 1982; Tongnunui, et al. ; Tuset, et al. 
2008; Ünlü and Değer ; Wheeler and Jones 1989; Wilimovsky 
and Weitzman 1955; Yaoguang, et al. 1995)  
Molluscs 
(Al-Mahdawi and Al-Dulaimi 2004; Bogan and Roe 2008; 
Evans 1969; Graf and Cummings 2007; Gümüs and Neubert 
2009; Hornbach, et al. 2010; Kinzelbach 1989; Ozgo, et al. 
2012; Plaziat and Younis 2005; Plaziat 1987; Wolverton, et al. 
2010; Woodward 1994)  
Reptiles and 
Amphibians 
(Anderson 1979; Bailon 1999; Nikolski 1896; Olsen 1968; Reed 
and Marx 1959; Werner 1965) 
Crustaceans (Brandis, et al. 2000; Ingle 1997; Jesse, et al. 2010; Micheli, et al. 1990; Naser 2009)  
Table 5.4:  Citations for sources used to facilitate species and skeletal part determination 
in the Mashkan-shapir analysis. See also Appendices (B, C) for comparative skeletons 
and online identification guides. 
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 Thankfully, the Cyprinid fish, as will be shown in the next chapter, represented 
entire skeletons, and therefore the more diagnostic structures of the cranium, dentition, 
and jaw were quite common. Additionally, the assistance of Dr. Najah Hussain of the 
Marine Sciences department at Basra University in Iraq, was also critical in pinpointing 
the identification of some of the more confusing groups of fish.    
 Due to the need to separate sheep (Ovis aries) and goat (Capra hircus), as well as 
to distinguish between these and fallow deer, roe deer, as well as gazelle, further research 
was required.  Extensive work has been done in the past few decades on morphological 
attempts to distinguish sheep from goats in archaeological sites. The skeletal similarity 
between these species is significant. Several criteria exist, however, which are used to 
separate their remains. To address this problem at Mashkan-shapir a comprehensive 
approach was chosen using different sets of criteria for several skeletal elements outlined 
by  Boessneck (1969), Halstead, et al. (2002), Hildebrand (1955), Payne (1985), and 
assessed by Zeder and Lapham (2010). These data were used to compile excel based 
rubrics to distinguish between Ovis and Capra.     
 Further assistance was also required when identifying remains of gazelle as well 
as fallow and roe deer in the collection, species which are also fairly similar in form and 
size to domestic sheep and goat. Ford (1990), Hildebrand (1955), Lister (1996), 
Mendelssohn, et al. (1995), and Davis (1980) were used to distinguish between these 
species as well as several online sources for the identification of bovids. 
 Though completely reliable observational methods for distinguishing between 
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wild boar and domestic swine remains do not exist, metrical data on skeletal elements, 
primarily teeth, will be used to attempt to identify wild suids in the collection. In 
addition, due to the nearly dozen or so species of edible Cyprinid fish native to Iraqi 
waters, distinguishing between these was often impossible visually. Size category 
grouping of skeletal parts, primarily vertebrae, was used to attempt to distinguish carp of 
different sizes. Both of these solutions relied on metrical data and will be summarized in 
the next subsection on primary data recording and its use in the analysis.    
                  
5.4.3 Primary data collection        
 Apart from the identification of Species and skeletal element and symmetry 
described above, primary data collection included observed and measured information on 
several criteria. Information was recorded and stored using a Microsoft Access form 
tailored to the project. Thirty individual fields of data were recorded during the analysis. 
                        
Skeletal Portion        
 Specimens for which skeletal part could be identified were further classified into 
portions.  A simplified version of the portions described by (Dobney and Reilly 1988) 
were used in this analysis, substituting verbal descriptions for the numerical code to 
facilitate recognition. An example is shown for the humerus in Figure 5.2. Similar 
terminology was applied to all long bones, except for specific diagnostic features, such as 
the head of the femur and coracoid process of the scapula.  
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Figure 5.2: Example of the bone portioning used in the Mashkan-shapir study as a 
simplified Dobney and Reilly system. Diagrams and relevant coding information were 
taken from Dobney and Reilly (1988:33) 
          
 Generic terms such as; proximal epiphysis, midshaft, and distal epiphysis, were 
substituted for most of Dobney and Reilly's long bone portions. In cases where bones 
contained more than one of these zones, both were listed using the addition of a "+" sign. 
Complete bones, though rare were simply portioned as "Complete". In some cases, bones 
which were nearly complete were labelled either with a percentage of completion if all 
portions were present but incomplete, or with the addition of a "no" to qualify its status. 
For example, a nearly complete humerus missing the humeral head would be listed as 
"complete no head". Portion labels for irregular and compact bone elements were also 
simplified from Dobney and Reilly (1988) Portioning of skeletal part followed this 
pattern for all mammalian remains and were also applied to avian and reptilian remains 
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where possible.        
 Skeletal portion recording for fish relied on a simplified version of codes for 
whole bones published in Wheeler and Jones (1989). Fish remains were numerous in the 
assemblage, in particular within flotation samples. The largest samples contained up to 
300 individual fragments.  In order to discuss the relationship of burning and processing 
to fish preparation and cooking methods, it was essential to be able to classify as many 
elements of the fish skeleton as possible. Though preservation within flotation samples 
was quite good, in particular within burned contexts, fragmentation was still a huge 
problem. Therefore, axial elements such as fins, rays, spines, and ribs were portioned 
using a system specifically tailored to this analysis. Figure 5.3 below provides an 
example of the criteria and labels used in this process.  
       
Figure 5.3: Diagram depicting bone zones for commonly found fish axial elements using 
a Cyprinid dorsal spine as a model. Sketch by Demetrios Brellas using Microsoft Paint. 
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 Appendicular and cranial elements seldom survived in a complete state and were 
portioned using either a simple percentage estimation where possible or a label of "mid" 
where it was unclear. Vertebral elements were essential in both determination of species, 
as well as estimation of live weight and length. Thankfully, vertebral centra survived 
intact in the majority of cases. Vertebrae containing any remnants at all of the arches of 
the spines or spines themselves to aid in identification were, for the purposes of this 
study, labeled as "complete". In the cases were only the centrum survived a portion of 
"body" was applied (Figure 5.4). 
 
Figure 5.4: Simple portion coding system for appendicular and axial elements of fish 
used in study. (Top) Cyprinid Gobiidae operculum bone (bottom) Image: Laura Garrison 
2009 (http://faculty.nmu.edu/jileonar/roundgobyID/) 
(Bottom) Pharyngeal bone of Aspius Vorax (Top) (Lühe, et al. 1961).  
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Measurement Data        
 Measurements of complete mammalian skeletal elements and teeth and those 
containing complete epiphyses and landmarks were recorded using  digital sliding 
calipers and following the criteria of Von Den Driesch (1976) strictly. Estimates of 
broken or eroded bone ends and features were not attempted. Analogous measurements 
were applied to remains of birds and reptiles where possible. All teeth which were in a 
complete state were measured according to these criteria.   Measurement of fish remains 
was accomplished strictly with vertebrae. Given the sheer number of fish remains, a 
system of size categories was established in order to facilitate: 1) The distinction between 
morphologically similar species of Cyprinid fish by size category and 2) The 
quantification of fish consumption at the site vis-à-vis back calculation of live weight and 
length for all fish taxa. The results of this statistical analysis will be presented in Chapter 
6.  In this section I will offer a description of how these categories were formed. The 
diameter of the vertebral body was measured as the standard length following guidelines 
outlined in similar studies for various families of fish (Basusta and Cicek 2006; 
Kloskowski, et al. 2000; Morales and Rosenlund 1979; Plug 2008a; Prenda Marín, et al. 
2002). Several species of Cyprinid fish are present in Iraqi waters. These range from 
small minnow like fish to the mangar (Luciobarbus esocinus) or giant barbel which can 
reach a weight of almost 200 kg (Fishbase 2015b)     
 A description of the species of native Cyprinids as well as a description of their 
biology, behavior, and implications as food species will be discussed in Chapter 7. After 
a preliminary investigation of the carp remains during the pilot study phase of this 
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investigation, Cyprinid vertebrae were selected along a spectrum from smallest to largest 
within the collection (Figure 5.5). Size category 1 was assigned to a comparative 
specimen of Barbus luteus, a Cyprinid called Himri locally and commonly used as a food 
fish in southern Iraq.  In fact the fish is a favorite The specimen, which was fished in the 
Tigris in the vicinity of Nassiriyah, Iraq, had a recorded live weight of 300g and a length 
of 30cm before cooking.  It was prepared for use as a comparative specimen while in the 
field in southern Iraq, by low temperature boiling in mild detergent while periodically 
stopping to wash and removed organics from the bone.     
 The precaudal vertebra selected as the type specimen of Size Category 1 had a 
diameter of 4.43 mm. This specimen was placed in the spectrum and these measurements 
(size categories -1 to 10) were plotted against length (Figure 5.5). The points in which 
the middle of these size categories intersected the best fit slope of this line were rounded 
down to the nearest .5mm and used as the boundaries between categories. Essentially, 
each category spans an increment of 1.5mm.  In fact the chosen vertebrae formed a near 
linear relationship with diameter even before they were corrected. The measurements of 
the type specimens chosen in order to form a size scale are presented in Tables 5.5 to 5.6. 
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 Figure 5.5: Vertebral size category plotted by diameter using type specimens. 
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Size 
Class 
Min 
(mm) 
Max (mm) 
Type Specimens 
Vert. diam. (mm) 
Size -1 0.5 2 1.30 
Size 0 2 3.5 2.75 
Size 1 3.5 5 4.43 
Size 2 5 6.5 5.98 
Size 3 6.5 8 7.27 
Size 4 8 9.5 9.05 
Size 5 9.5 11 10.60 
Size 6 11 12.5 11.94 
Size 7 12.5 14 13.77 
Size 8 14 15.5 15.35 
Size 9 15.5 17 16.40 
Size 10 17 19.5 18.90 
Size 11 19.5 21 20.06 
Size 12 21 22.5 21.70 
Table 5.5: Vertebral size category measurements         
           
 As the analysis continued, silhouettes on graph paper corresponding to circles 
with diameters matching the maximum value for each size category were used to quickly 
place Cyprinid vertebrae into the appropriate size category visually. Specimens which 
"outgrew" their circle placed into the next smallest circle that fit them. This method is 
conceptually similar to measuring diameter in pottery analysis using rim profile. It was 
found to be very practical, and only challenging for size categories 0-1, which often 
required a hand lens to size. In deed in a matter of days size categories 11 through 16, as 
well as -2 were added to the spectrum. This size class spectrum was then also applied to 
the 12 non-Cyprinid taxa of fish found in the collection.  Using the size spectrum 
described allowed easy standardization of data and faster and perhaps even more accurate 
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categorization of fish sizes, considering the pitfalls of measurement error. This, however, 
meant that when calculating live length and weight, minimum, maximum, and average 
weights should be considered together for the size classes.      
  The class-size scheme application for distinguishing between Cyprinid species 
began with an identification of the most common food species currently eaten in southern 
Iraq. Al-Obaidi, et al. (2009), and (Coad 2010) are perhaps the most comprehensive 
resources on information concerning current species of economic importance in southern 
Iraq.  They present results of rigorous sampling projects of fish species in the rivers and 
marshes along with a description of their economic value and conservation status. Cross-
listing the species outlined in these reports with online fishery databases for the area as 
well as publications concerned with cooking, custom, economic value, and conservation 
(Al-Obaidi, et al. 2009; al-Taie 2014; Fishbase 2015a; Mohamed, et al. 2008; Nasrallah 
2003; Shakir 2006; Thesiger 1954) contributed to the selection of the principal species 
chosen for the fish size to species spectrum presented in Figure 5.4.6. Additionally, Dr. 
Najah Hussain of Basra University's Marine Science Department provided much 
assistance in identifying the distinguishable Cyprinid species in the collection as well as 
those of the other common fish families. Dr. Hussain also provided me with information 
about the current proportions of fish taxa in the collection based on information gathered 
by researchers at Basra University in Iraq. Since comparative specimens of Luciobarbus 
xanthopterus, Barbus luteus, and Mesopotamichthys sharpeyi were prepared during my 
visit to Iraq in 2012, these were chosen as the basis for the spectrum, presuming that their 
identification would be aided by the presence of comparative specimens.  The species 
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selected and several others will be described fully in Chapter 7. Size data for individual 
species listed were compiled largely from (Fishbase 2015a) but were supplemented with 
metrical data from several reports (Alkahem, et al. 1990; Almaça 1983; Banaee and 
Naderi 2014; Hussain, et al. 2009; Mahdi 1962; Mohamed, et al. 2008; Nasiri and Hoda 
1976; Saleem, et al. 1990; Shafi and Jasim 1982). A prediction spectrum of size brackets 
was creating using these most relevant Cyprinid species is presented in Figure 5.7. It is 
important to note that these brackets were created using data from average specimen size 
encountered as well as maximum length recorded.       
  Cyprinids are very long lived and slow growing fish which makes it very likely, 
particularly in the today's age of deep sea trawling, industrial pollution of waters, and 
intensive fishing techniques, that the younger, smaller members of larger species could 
make their way to the dinner table. We can only hope that there was more consideration 
given to this issue by the ancient Mesopotamians. Indeed, as I will show, the fish data 
from the site support a more sustainable version of fishing by the ancient fisherman who 
provided fish to the site.         
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Figure 5.6: Photograph of vertebral size category specimens for Cyprinidae. 
 
Figure 5.7: Suggested size ranges of most common and commercially important 
Cyprinid species using data on standard length (SL) from (ALI 1985; Almaça 1983; Coad 
2010; Froese and Pauly 2000; OymAk, et al. 2008) 
Size -1 Size 0 Size 1 Size 2 Size 3 Size 4 Size 5 Size 6 Size 7 Size 8 Size 9 Size 10Size 11
L. esocinus
B. luteus
B. grypus
A. vorax
M. sharpeyi
B. xanthopterus
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 Though it is useful to be able to distinguish between Cyprinid species, the 
secondary goal of metrical analysis of fish remains, i.e. the quantification of fish 
consumption by the residents of Mashkan-shapir, can provide more information for 
supporting the models of wetland exploitation proposed by this research. Towards this 
goal, an in-depth investigation of existing literature on back-calculation of live weights 
and length from skeletal measurement was critical. Basusta and Cicek (2006); 
Kloskowski, et al. (2000); Orchard (2003); Plug (2008b); Prenda Marín, et al. (2002) all 
examine the relationships between length and weight in teleost fish.  Prenda Marín, et al. 
(2002) provides formulae for back-calculation of both total length and live weight of 
several families of fish from a selection of different skeletal elements. Formulae from this 
report were selected for use in the Mashkan-shapir study and were applied to the all 
categories of fish found at the site (Table 5.6). Though exact species correlates with the 
Iraqi fauna do not exist in Prenda Marín, et al. (2002), regression statistics from members 
of the same family in that study were applied to the Mashkan-shapir collection.  An 
example of how Total Length (TL) and Weight (TW) were calculated for carp using the 
size class 1 vertebral type specimen are presented in Table W. Reassuringly, the 
calculated TL and TW values for this specimen belonging to the comparative B. luteus 
skeleton are remarkably accurate (Table 5.7).      
 Having chosen the criteria and formulae to use for calculation of fish lengths and 
weights, it was then applied to the fish remains at the site as a whole. These results will 
be presented in the next chapter.  Measurements were also taken of complete and near 
complete shells of Unionidae (freshwater mussel) remains at the site. Simple width and 
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length measurements were recorded  following  Parmalee and Klippel (1974). Parmalee 
and Klippel (1974) and provide a massive amount of data relating the meat weight of 
living mussels to measurements of their shells. Though freshwater mussels were very 
common in the collection, only 14 complete or near complete shells were recovered.  
Figure 5.8 shows the best preserved samples of Unionidae from Mashkan-shapir and 
their range in size.    
 
Formula 
regression 
values used for 
factor a  
regression 
values used for 
factor b 
Sample 
measurement 
(BL) in mm 
Calculated TL 
(live length)   
in mm 
TL=a+bBL 0.62 76.22 4.43** 338.2746 
     
Formula 
regression 
values used for 
factor a' 
regression 
values used for 
factor b 
(TL) from 
above 
example in 
mm 
Calculated 
TW (live 
weight) in g 
TW=a*TLb -11.1708 2.89086 338.2746 288.6336 
(a=ea')     
** Sample BL taken from B. Luteus Size Class 1 Type Specimen  
Note: values of a, a', and b for B.bocagei vertebrae after Prenda Marín, et al. 
(2002) 
 
Observed TL 
mm 
Calculated TL 
mm 
Observed TW 
g 
Calculated 
TW g 
Vertebral 
Size Class 1 
Type 
Specimen - 
B.luteus 300 338 300 289 
                
Table 5.6: Method for back-calculating Total Live Weight and Length for fish specimens 
in the collection using vertebrae.        
            
   
  160 
Size 
Class 
Min 
BL 
(mm) 
Max 
BL 
(mm) 
TL 
Min 
mm 
TL 
Max 
mm 
Average 
TL 
(mm) 
TW 
min (g) 
TW 
max (g) 
Average 
TW  (g) 
Size -1 
0.5 2 38.7 153.1 95.9 0.5 29.2 14.9 
Size 0 
2 3.5 153.1 267.4 210.2 29.2 146.3 87.7 
Size 1 
3.5 5 267.4 381.7 324.6 146.3 409.3 277.8 
Size 2 
5 6.5 381.7 496.1 438.9 409.3 872.9 641.1 
Size 3 
6.5 8 496.1 610.4 553.2 872.9 1589.9 1231.4 
Size 4 
8 9.5 610.4 724.7 667.5 1589.9 2611.7 2100.8 
Size 5 
9.5 11 724.7 839.0 781.9 2611.7 3988.7 3300.2 
Size 6 
11 12.5 839.0 953.4 896.2 3988.7 5770.5 4879.6 
Size 7 
12.5 14 953.4 1067.7 1010.5 5770.5 8005.8 6888.1 
Size 8 
14 15.5 1067.7 1182.0 1124.9 8005.8 10742.9 9374.4 
Size 9 
15.5 17 1182.0 1296.4 1239.2 10742.9 14029.3 12386.1 
Size 10 
17 19.5 1296.4 1486.9 1391.6 14029.3 20855.2 17442.3 
Size 11 
19.5 21 1486.9 1601.2 1544.1 20855.2 25835.6 23345.4 
Table 5.7: Size class ranges and their corresponding TL and TW ranges.  
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Figure 5.8: Various Unionidae Mussels from Mashkan-shapir with a common blue 
mussel, Mytilus edulis, of edible size added for scale. 
 
 As is the case with fish, mussels are very common in the flotation material as well 
as from excavated contexts. When attempting to quantify the importance of wetland 
resources in the Mashkan-shapir collection, it becomes important to be able to extract 
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usable data from these large, albeit fragmentary, amounts of mussel shell. Using the well-
preserved, complete mussels from the site, an average length measurement for shell at the 
site was calculated. This measurement was then applied to formulae, y-intercept and 
regression values from Parmalee and Klippel (1974) to calculate an average weight per 
shell at the site as a whole (Table 5.8) to be used for the interpretation of mussel 
consumption during the analysis.           
 Lastly, in order to identify the presence of hunted wild boar, I examine metrical 
data from pig teeth using the criteria of  Mayer, et al. (1998); Payne and Bull (1988) and 
Rowley-Conwy, et al. (2012). Though teeth in sockets were rare at the site due to 
rampant destruction of mandibular and maxillary elements, this was attempted using all 
complete surviving third molar teeth, which were themselves also fragmentary. If 
assumptions about a fluid relationship between wild, feral, and domestic pigs at the site 
are correct, this process may prove futile, especially considering the paucity of the dental 
remains themselves. 
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      Average Shell Length  
 Shell Length (SL)   
 2711.s 40.5   
 3068.s 52.8   
 3827.s 59.6   
 3466.s 67.8   
 3259.s 74.1   
 Average 58.96   
     
     
     Average meat weight per shell calculation using shell length  
Average (SL) from 
above in mm Formula 
values used 
for factor a  
regression 
values used 
for factor b 
Calculated 
average MW 
from shell at 
Mashkan-shapir 
58.96 MW=a+b(SL) -32.455 0.839 17.01244 
*a and b values taken from Parmalee and Klippel (1974) for Quadrula pustulosa 
A species of similar shape and size to Mashkan-shapir Unionidae samples. 
                
Table 5.8: Method for calculating live meat weight from freshwater mussel shell remains 
at the site.  
          
 Measurements of third molar breadth (B) and length (L) (Figure 5.4.8) are then 
plotted against one another to discern the presence of distinct Suid size categories after 
Rowley-Conwy, et al. (2012), which may indicate the presence of wild boar at the site. In 
addition, non-metrical data such as sex and age composition data will also be applied to 
this task (Hadjikoumis 2012; Rowley-Conwy, et al. 2012:25).  
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Figure 5.9: Examples of molar breadth and length measurements of Suid molar 
specimens from the Mashkan-shapir collection 
                             
Recording of Age & Sex Data        
 To arrive at age estimates for all vertebrate species except for fish, records were 
made of epiphyseal fusion status as well as dental eruption and ware stages. Incomplete 
development or ossification in the case of immature specimens were also noted when 
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present. Various collections of data and methodologies (Bull and Payne 1982; Noddle 
1974; Rolett and Chiu 1994; Ruscillo 2006; Silver 1963; Smith 1988; Wilson, et al. 1982; 
Zeder 2006) were researched to relate fusion state to age in the domestic fauna at 
Mashkan-shapir. The dilemmas posed by  broad age ranges, local variation, as well as the 
sample size issues of the fragmentary nature of the Mashkan-shapir macro-faunal 
collection led to an abandonment of overcomplicated aging criteria and the eventual 
selection of  Silver (1963) for ages of fusion in sheep, domestic pigs, dogs, and cattle, 
while the criteria of (Noddle 1974) were applied to goats as these are lacking in the 
former.  A similar review of data on dental eruption schedules (Brown 1902; Bull and 
Payne 1982; Graham and Price 1982; Grigson 1982; Moran and O'Connor 1994; Payne 
1973; Pope 1934; Spinage 1973; Vigal and Machordom 1985; Weaver, et al. 1969) 
yielded a similar arsenal of methodologies. Given the highly fragmented nature of the 
teeth at Mashkan-shapir, which along with mandibular and maxillofacial elements, seems 
to have suffered from the most modern breakage outlined in 5.1, the system of Silver 
(1963) was again chosen for tooth eruption data on all domestic animals from the site 
(pigs, sheep, goats, cattle,  and dogs). Wear stages for the teeth of sheep, goats, cattle, and 
pigs, where possible, were recorded using the criteria of Grant (1982). Though age data 
was recorded into the database based strictly on the criteria of Grant (1982); Noddle 
(1974); Silver (1963) several of the studies noted above were consulted in the 
development of age profiles presented in Chapter 6.      
 Determination of sex was attempted for all non-fish remains where the necessary 
criteria survived. Sex determination was approached with the same comprehensive 
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strategy applied to distinguishing sheep from goat, in that several criteria were compiled 
from various sources used in this study (Boessneck 1969; Driver 1982; Greenfield 2006a; 
Grigson 1982; Mayer and Brisbin 1988; Munro, et al. 2011; Prummel and Frisch 1986; 
Ruscillo 2000, 2003; Smith 1988; Wiig 1986; Wilson and Grigson). Estimates of 
maleness or femaleness were placed on a spectrum based on the number of available 
published criteria that were used to make the determination.  Rubrics were created in 
excel linked to the database and relevant publications and images when available 
digitally. Table 5.10 below provides an demonstration of how these rubrics were used 
along with an example for the sex determination of the astragalus of Ovis aries based on 
the presence of a swell on the medial side (Ruscillo 2003) and the protrusion of the 
proximoplantar angle of the medial trochlea described by Boessneck (1969) (Figure 
5.10, Table 5.10).   
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Element Criterion A 
Criterion 
B 
Criterion 
C 
Criterion 
D 
Criterion 
E 
Determinatio
n 
Element 
1 
Indicates 
Male 
vague  None None None 
Not 
Determined 
Element 
2 
Indicates 
Male 
Indicates 
Male 
vague None None Weakly Male 
Element 
3 
Indicates 
Male 
Indicates 
Male 
Indicate
s Male 
vague None Likely Male 
Element 
4 
Indicates 
Male 
Indicates 
Male 
Indicate
s Male 
Indicates 
male 
Vague or 
missing 
Strongly male 
Element 
5 
Indicates 
Male 
Indicates 
Male 
Indicate
s Male 
Indicates 
male 
Indicates 
male 
Strongly male 
 Table 5.9: Example rubric for sex determination. Weakly male/female indicates 2 
criteria in support of decision. Likely male/female indicates 3 criteria in support of 
decision. Strongly male/female indicates 4 or more criteria in support of decision.  
 
 
 
 
   
  168 
 
 
 
 
 
 
 
Astragalus 
Swell at 
medial 
side upon 
tracing            
(Ruscillo 
2003) 
Protrusion 
of plantar 
angle of 
medial 
trochlea 
(Boessneck 
1969) 
Criterion C              
Criterion D
              
Criterion E              
Sex 
Astragalus 
specimen.1 
marked 
swelling 
indicating 
female 
Lacking 
indicating 
female 
None None None 
weakly 
female 
Astragalus 
specimen.2 
Lacks 
swelling 
indicating 
male 
marked 
protrusion 
indicating 
male 
None None None 
weakly 
male 
Astragalus 
specimen.3 
Lacks 
swelling 
indicating 
male 
vague or 
broken 
surface 
None None None 
Not 
Determined 
Astragalus 
specimen.4 
vague or 
broken 
surface 
marked 
protrusion 
indicating 
male 
None None None 
Not 
Determined 
Astragalus 
specimen.5 
mild 
swelling 
some 
protrusion 
None None None weakly 
wether 
Astragalus 
specimen.6 
mild 
swelling 
vague or 
broken 
surface 
None None None Not 
Determined 
Table 5.10: Example of Rubric used for sex determination on the astragalus, a slightly 
sexually dimorphic bone. 
   
  169 
       
Figure 5.10: Criteria used for sex determination in study using the astragalus as an 
example. 
                       
Burning, Bone Modification, Weathering and other Taphonomy.   
 During the analysis special attention was paid to recording of burnt bone in the 
assemblage, which was quite prevalent among fish remains from flotation both within 
fire installations (hearths, tanours, and ash layers) and other contexts.  Burning of varying 
degrees was immediately evident from the Mashkan-shapir collection as soon as the first 
flotation bone sample was opened.  Criteria outlined by (Shipman, et al. 1984) 
painstakingly record the changes in color and structure accompanying the experimental 
exposure of bone to fire at various temperatures. The use of multiple colors from the 
Munsell color scheme (Munsell 1919, 1950) for the same degrees of burning, coupled 
with the already difficult to distinguish and sometimes subjective nature of the color 
scheme itself, makes Shipman, et al. (1984) unappealing for laboratory application. 
Several similar experimental studies have since been done on the effects of fire on bone 
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and the literature on the subject offers several descriptive characters and rubrics (Beisaw 
2000; David, et al. 1990; Gilchrist and Mytum 1986; Herrmann and Bennett 1999; Koon, 
et al. 2010; Nicholson 1993; Steffen and Mackie 2005) for categorizing the degree of 
burning and describing its effects on the bone assemblage.  The Herculean efforts of 
Nicholson (1993) in providing diagnostic criteria which for describing burnt bone both by 
firing temperature, color,  and surface appearance deserve special note for their 
practicality and applicability to this study. The experimental data and stages provided by 
Nicholson were used to categorize all burned remains from Mashkan-shapir and are the 
basis for burning interpretations presented in Chapter 6. These criteria are summarized in 
Tables 5.11 and 5.12 below.          
 The eroded surface of many of the skeletal remains from Mashkan-shapir 
sometimes presented a challenge when identifying butchery, bite marks, worked surfaces, 
and other bone surface modifications. Though surface modification was common in the 
collection, present in over 70% of the excavated areas, it is likely that much of this 
information was lost to the erosive action primarily of salts described in 5.1.  The 
identification of surface modification on archaeological bone presents another diagnostic 
challenge to zooarchaeologists as these marks can often be difficult to discern and can 
also vary extensively from site to site. 
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Stage Temperature °C Common Color 
Munsell 
color Appearance 
1 200 Strong Brown 7.5YR 5/8 similar to fresh 
2 300 Black 2.5Y 2/0 glass-like bubbly charred layer present 
3 
400 Dark Grey 2.5Y 6/0 
loss of glassy layer 
revealing granular cracked 
surface 
500 Grey/Light Grey 10YR 6/1 
extensive cracking and 
some powdery appearance 
600 Light Grey 10YR 7/1 surface is very powdery and extensively cracked 
3/4 700 White 2.5YR 8/0 
surface cracked, but cracks 
seem superficial, some 
powdery areas 
4 
800 White N8 chalky and smooth appearance,  
900 White N8 
much of cracking has 
disappeared, smooth 
appearance 
     
Table 5.11: Stages of Burning for sheep/bird and their appearance. Data from 
Nicholson (1993) 
 
 
 
The type of processing animals are exposed to by humans, the presence of 
scavengers, carnivores, rodents, and other living taphonomic agents in 
archaeological soils, soil chemistry, human behavior, and context can all leave some 
trace evidence on bone. An exhaustive set of literature must be consumed by the 
zooarchaeologist to identify these agents.  
 
 
 
   
  172 
Stage Temperature °C Common Color 
Munsell 
color Appearance 
1 200 Strong Brown 7.5YR 5/8 flat bone areas are brittle and cracked 
2 
300 Black N2 black, peeling char covering 
surface of bone which is 
thickest and bubby on 
articular surfaces 400 Black N2 
3 
500 Black N2 Most bone surfaces 
extensively cracked, growth 
rings visible on vertebrae 
not covered in bubby char 
600 Black N2 
700 Grey 2.5Y 6/0 
4 
800 White N8 all surfaces are chalky, 
smooth and featureless, all 
but very deep cracks absent 900 White N8 
Table 5.12: Stages of burning for fish and their appearance. Data from Nicholson (1993) 
 
 The identification of such marks on bone was introduced in the 1980s by the 
seminal works of (Binford 1981; Blumenschine and Selvaggio 1988; Bunn 1981, 1983; 
Potts and Shipman 1981). This idea has since been applied to the identification of a 
plethora of causal agents of surface modification by many researchers (Abe, et al. 2002; 
Blumenschine and Marean 1993; Brothwell 1976; Capaldo and Blumenschine 1994; 
Fisher Jr 1995; Greenfield 1988, 1999, 2002, 2006b; Haynes 1983b; Jones 1986; Klippel 
and Synstelien 2007; Olsen and Shipman 1988; Schmitt and Juell 1994; Selvaggio and 
Wilder 2001; Walker and Long 1977; Willis, et al. 2008) detailing methods for 
identifying agents as diverse as gastric etching due to Canid digestion, scavenging by 
pigs, percussion marks , stone tool cut marks, metal tool cut marks, human bite marks, 
and rodent gnawing to name a few. Information on bone surface modification was 
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collected using a small hand lens in tandem with a low powered digital microscope when 
necessary.            
 Following surface modification identification weathering and breakage patterns 
were recorded where possible. Though the presence of crystalline salts already mentioned 
was by far the most common type of weathering evident in the collection, it was not the 
only one encountered. Presence of root etching, mineral staining, mold staining, water 
abrasion, and sunlight weathering were also encountered. No attempt was made to 
identify weathering stages for any of these observations, merely their presence was 
identified using guidelines provided by personal experience as well as relevant literature 
on weathering of bone (Behrensmeyer 1978; Lyman and Fox 1989; Nicholson 1996; 
Tappen 1969; White and Hannus 1983). Breakage patterns for long bones described in 
Haynes (1983a); R Lee Lyman (1994:319); Marean (1991); (Marshall 1989); Todd and 
Rapson (1988); Villa and Mahieu (1991) in order to better understand the post 
depositional processes occurring at the site.  The categorization of bone breakage type set 
forth by Marshall (1989) (Figure 5.11) were used to describe breakage on old bone 
breaks in the database. Fresh breaks were noted in a separate field.  
   
  174 
Figure 5.11: Long bone fragmentation types with samples used in study. After (Marshall 
1989) remodeled from R Lee Lyman (1994:319) using Microsoft Paint, illustrated by 
examples recorded from Mashkan-shapir collection. 
                       
5.5 A Note on Quantification and Secondary Data Formulation.   
 The methods presented in this chapter have been applied to the results compiled 
in chapter 6. Zooarchaeological quantitative tools (R. Lee Lyman 1994) will vary based 
on sample size of the data set presented. Secondary data patterns such as taxonomic 
abundance, age and sex profiles, skeletal element distribution, and the like, will be 
displayed primarily using MNI, %MNI, MNE, %MNE, NISP and %NISP values. 
Additionally live meat weights will be converted to kilograms using average Total 
Weight (TW) values.  The Data presented in the following chapter will, where necessary 
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be accompanied by an explanation of the methodology used if it has not already been 
covered in this chapter. 
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Chapter Six: The Data 
 
6.1 Chapter Introduction 
 In this chapter, results of the analysis of faunal material will be presented. Data on 
the species diversity and abundance at the site will be offered first. This will be followed 
by a presentation on the skeletal part distribution data for the most abundant species, 
namely; domestic ovicaprids, cattle, suids, and fish.  Patterns in age and sex of faunal 
material will then be predicted using various representations for sheep, goats, cattle, and 
suids, the only taxa for which such data exists in sufficient quantities to identify patterns. 
 The next section of data will display the results of detailed recording of surface 
modification and processing, namely; burning, preservation, weathering, butchery, and 
gnaw marks. Fish and mollusc remains in the collection were used to calculate data on 
live weight and length to quantify their contribution to the Mashkan-shapir diet, and the 
next sections will be dedicated to the presentation of these data. Water-birds and wild 
taxa from the site will be dealt with next in a separate section, presenting data on their 
specific abundance, modification, and other relevant patterns in the data. Exceedingly 
rare in the collection, though relevant from the point of view of aquatic resource 
acquisition, are the remains of freshwater crustaceans, a short presentation of data 
relevant to this species will be the next section presented. Lastly, overarching patterns in 
the all major criteria will be combined and presented in the final section of data 
presentation at the end of this chapter. 
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6.2 Taxonomic Diversity 
 The Mashkan-shapir faunal collection is extremely diverse. Faunal material from 
the 1990 excavation areas was organized into 80 individual contexts. Over 400 lots from 
excavation and flotation containing bone were collected from the original excavation loci. 
These loci, separated into levels in some cases, correlate in part with the contexts 
designated for this study. Features present within the excavation areas were also 
designated as contexts based on their descriptions in the field notes (Stone, et al. 1990)  . 
Contexts within buildings A through E, and the adjoining exterior spaces and streets, 
were often split between excavation units, occasionally lying in 2 or more squares. These 
were joined to create the contexts analyzed in this study. Additionally, material from loci 
collected on separate days was often assigned a different lot number by the excavation 
team. Before analyzing patterns in the data these loci were combined and divisions 
created solely to serve to original grid plan system were removed with the goal of 
creating contexts that more accurately reflect the sites occupation.     
 Stratigraphy at the site was not complex, and there were seldom meaningful 
stratigraphic changes within contexts, such as rooms, once archaeological levels were 
reached. In cases where these changes were relevant they were designated as separate 
contexts, this is often the case with burial features within rooms at the site. The 
excavation data are still in the process of analysis and a final workup of the stratigraphy, 
including the precise dating of the structures. Though a more in depth analysis of the 
stratigraphic relationships within buildings, is possible, it is not one of the aims of the 
current zooarchaeological study.  The context types included in this study are: rooms and 
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other indoor walled spaces, streets, open outdoor areas lacking architecture (squares, 
"yards"), streets, and features. Features studied separately include: hearths, tanours, 
burials, pits, surfaces, and various burning features. Figure 6.1 below shows the 
architectural plan of the site with room and street terminology used in this study as 
introduced in Chapter 3.   
Figure 6.1: Plan of 1990 Excavation Area. Buildings with labeled contexts used in this 
study. Original sketch from unpublished field notes using Microsoft paint. 
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6.2.1 Site-Wide Species Distribution       
 In this section, I will present species abundance data for the site as a whole, 
including Buildings A-E and associated contexts, as well as the Sounding 4H95III.  Data 
are presented using NISP and MNI values. Minimum number of Individuals (MNI) was 
estimated primarily using symmetry, but supported by morphology, size, and 
preservation condition. Additionally, MNI was estimated using context as the primary 
unit and comparing MNE values for sided elements, while also incorporating data on age 
and size to provide an accurate estimate.       
 Given the short refit distance demonstrated in 5.4.2, and that refits between rooms 
were exceedingly rare (total number of refits=3) room or context seemed liked the most 
accurate way to determine the number of individual animals represented at the site. These 
subtotals were then added for all contexts to give a general idea of what the species 
distribution at the site looks like. Interpretation of the zooarchaeological relevance of 
species distribution totaled indiscriminately in this way can often lead to confusing 
patterns in the data. For example, fish, for which estimation of MNI values are 
notoriously difficult (Nichol and Wild 1984) given the sheer amount of bones present in 
their skeleton, often produce inflated values. This is even more apparent when 
considering a comparison of NISP values across the site.  To better understand the 
comparative distribution of species across the site, these will next be presented in 
different taxonomic category groupings in subsequent sections.   
 Species abundance at Mashkan-shapir is incredibly diverse. Tables 6.1, 6.2, and 
6.3 provide a complete list of the species represented in the assemblage by taxonomic 
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grouping.  With over 75 species or taxonomic groupings represented and multiple size 
categories for fish and bird taxa, it becomes difficult to represent graphically the diversity 
at the site. Additionally, with this level of species diversity in the assemblage, particularly 
among the fish on which a large portion of this research focuses, it is necessary to 
provide additional information on the taxa themselves. This will be the main purpose of 
Chapter 7. Only basic taxonomic information will be provided here as it pertains to 
presenting the data. After providing this taxonomic dossier in Chapter 7, the discussion of 
the patterns of the data and how they fit into the theoretical framework of this research 
will comprise the majority of Chapter 8.  
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Fish 
Family Group Contains (Common Name): Species/Genus found at site 
Cyprinidae carp, barbs 
 
Mesopotamichthys sharpeyi, 
Carasobarbus luteus,  
Leuciscus vorax (Aspius vorax),  
Luciobarbus esocinus,  
Barbus grypus,  
Luciobarbus subquincunciatus, 
Luciobarbus xanthopterus                                               
 
Siluridae catfish Silurus triostegus 
Bagridae naked catfish Mystus pelusius 
Sparidae sea breams, porgies Acanthopagrus latus 
Clupeidae shad, sardines Tenualosa ilisha, Sardinella sindensis,  
Mastacembelidae freshwater eels Mastacembelus mastacembelus 
Mugilidae mullets Liza abu, Liza sp. 
Cyprinodontidae killifish, pupfish Uncertain- very small fragments 
Engraulidae anchovies Thryssa sp. 
Belonidae needlefish Strongylura strongylura 
Carangidae pompanos Trachinotus sp. (likely T. blochii)  
Sphyraenidae barracudas Barracuda jello 
Molluscan Taxa 
Family Group Contains (Common Name): Species/Genus found at site 
Unionidae freshwater mussels Unio ssp., Unio tigridis, Psuedodontopsis sp., Anodonta sp. 
Cyrenidae freshwater clams Corbicula fluminalis 
Turbinidae turban snails Turbo sp.  
Cypraeidae cowries Cypraea sp.  
Potamidae freshwater crabs Potamon cf. mesopotamicum 
Table 6.1: Complete species list of fish and molluscan taxa for Mashkan-shapir 
assemblage.           
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Avian Taxa 
Family Group Contains (Common Name): Species/Genus found at site 
Anatidae ducks, geese, swans 
Anas platyrhynchos,  
Anas penelope 
Anas crecca 
Anser cf. anser 
Cygnus cf. olor 
3 Anas sp. size categories 
Ardeidae herons, egrets Egretta gularis, Ardeola ralloides, 
Rallidae rails, coots, crakes Fulica atra 
Phalacrocoracidae cormorants 
Phalacrocorax pygmaeus, 
Phalacrocorax sp. 
Phoenicopteridae flamingos Phoenicopterus roseus 
Columbidae pidgeons, doves Columba/Streptopelia sp. 
Falconidae falcons, kestrels Falco sp. 
Reptilian Taxa 
Family Group Contains (Common Name): Species/Genus found at site 
Geomydidae pond turtles Geomys sp. 
Testudinidae tortoises Testudo cf. graeca 
Trionychidae soft shell turtles Trionyx sp. 
Serpentes snakes Non-Id snake 
Table 6.2: Complete species list of avian and reptilian taxa for Mashkan-shapir 
assemblage.           
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Mammalian Taxa 
Family Group Contains (Common Name): Species/Genus found at site 
Bovidae 
cattle, buffalo, 
goats, sheep, 
antelope 
Bos taurus, Ovis aries,                 
Capra hircus, Gazella subgutturosa, 
Bubalus bubalis 
Cervidae deer Dama dama, Capreolus capreolus 
Suidae pigs, hogs Sus scrofa domesticus, Sus scrofa 
Canidae dogs, wolves, foxes, jackals Vulpes vulpes, Canis ssp. 
Felidae cats Felis cf. sylvestris 
Mustelidae weasels, badgers, ferrets, et al. Melivora capensis, Vormela sp.                        
Dipodidae jerboas, jumping mice Allactaga sp. 
Muridae mice Gerbillus sp., Apodemus sp.                 -listed as sm. rodents 
Leporidae hares, rabbits Lepus capensis, Lepus cf. europaeus 
Rodentia rodents Unidentifiable small rodents 
Table 6.3: Complete species list of Mammalian taxa for Mashkan-shapir assemblage. 
            
 I will begin the data presentation by providing a summary of all the taxa from the 
site grouped into larger categories for ease of organization. Throughout this section I will 
then expand on the subcategories and identify the major trends within them. Table 6.4 
and Figure 6.2 present the overall species abundance data from Mashkan-shapir in these 
large taxonomic groupings, namely; major domesticated mammals, wild ruminants, water 
buffalo, wild boar, carnivores, small mammals, crustaceans, fish, molluscs, and reptiles. 
The domesticated mammals and the fish are by far the largest categories. Keeping in 
mind the aforementioned difficulty of quantifying fish remains, fish still represent over 
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40% (41.4% MNI) of the assemblage. The assemblage is a clear mixture of domesticated 
and wild mammals, as well as other wild fauna, particularly molluscs, fish, and birds. 
  
Taxa/Categories NISP MNI %NISP %MNI 
Major Domesticated Mammals -Totals 1617 267 34.9 21.8 
Wild Ruminants - Totals 23 15 0.5 1.2 
Water Buffalo - Totals 2 1 0.0 0.1 
Wild Boar - Totals 3 2 0.1 0.2 
Carnivores - Totals 78 19 1.7 1.5 
Small Mammals - Totals 110 18 2.4 1.5 
Birds - Totals 152 57 3.3 4.6 
Crustaceans - Totals 5 2 0.1 0.2 
All Fish - Totals 1920 388 41.4 31.6 
Molluscs - Totals 703 449 15.2 36.6 
Reptiles - Totals 22 8 0.5 0.7 
Column Totals 4635 1226 100.0 100.0 
Table 6.4: Overall species abundance at the site. Data presented using NISP, MNI, 
%NISP and %MNI of all taxa by major taxonomic grouping. 
 
   
  185 
Figure 6.2: Abundance of all taxa at Mashkan-shapir by major taxonomic grouping. 
Values provided in NISP and MNI. The animal silhouettes were purchased by author 
from Adobe Stock. 
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 To get a clearer picture of the diversity of the domesticated  mammals in 
comparison to other taxa at the site, Table 6.5 provides this same data with the 
domesticates expanded into its component taxonomic groups; cattle, sheep, sheep/goat, 
goat, and domestic pig. The most abundant mammalian category are the ovicaprids, 
comprising 14.5% of the total MNI for the site when the sheep, sheep/goat, and goat 
categories are combined. Considering, however, that fish (%NISP: 41.4, %MNI: 31.6) 
and molluscs (%NISP:15.2 %MNI: 36.6) outnumber all other categories this does not 
provide a clear picture of the comparative abundances across the site, considering the 
differences is size and nutritional yields of these groups. I will address this issue in a 
subsequent section by presenting data on live weights and meat yields.  
 
Taxa/Categories NISP MNI %NISP %MNI 
Cattle 34 15 0.7 1.2 
Goat 50 23 1.1 1.9 
Sheep 302 84 6.5 6.9 
Sheep/Goat 578 70 12.5 5.7 
Domestic Pig 653 75 14.1 6.1 
Capreolus 9 5 0.2 0.4 
Dama 6 4 0.1 0.3 
Gazella 8 6 0.2 0.5 
Water Buffalo - Totals 2 1 0.0 0.1 
Wild Boar - Totals 3 2 0.1 0.2 
Carnivores - Totals 78 19 1.7 1.5 
Small Mammals - Totals 110 18 2.4 1.5 
Birds - Totals 152 57 3.3 4.6 
Crustaceans - Totals 5 2 0.1 0.2 
All Fish - Totals 1920 388 41.4 31.6 
Molluscs - Totals 703 449 15.2 36.6 
Reptiles - Totals 22 8 0.5 0.7 
Column Totals 4635 1226 100.0 100.0 
Table 6.5: Abundance of all taxa at Mashkan-shapir by major taxonomic grouping with 
domestic mammals expanded. Values provided as by NISP, MNI, %NISP and %MNI 
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 For the time being I will continue presenting the species data in more digestible 
taxonomic units. Next the data will be broken down further by each individual taxonomic 
grouping on the site wide level, beginning with the subset of all mammalian taxa. The 
composition of the mammalian assemblage is shown in Figures 6.3, 6.4, and Table 6.6 
below.                   
Taxa/Categories NISP MNI %NISP %MNI 
Cattle 34 15 1.9 4.7 
Goat 50 23 2.7 7.1 
Sheep 302 84 16.5 26.1 
Sheep/Goat 578 70 31.5 21.7 
Domestic Pig 653 75 35.6 23.3 
Capreolus 9 5 0.5 1.6 
Dama 6 4 0.3 1.2 
Gazella 8 6 0.4 1.9 
Water Buffalo 2 1 0.1 0.3 
Wild Boar 3 2 0.2 0.6 
Carnivores - Totals 78 19 4.3 5.9 
Small Mammals - Totals 110 18 6.0 5.6 
Column Totals 1833 322 100.0 100.0 
Table 6.6: Abundance of all Mammalian groups across site. Values given as NISP, MNI, 
%NISP and %MNI. 
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Figure 6.3: Abundance by NISP and MNI of all Mammalian groups across site. The 
animal silhouettes were purchased by author from Adobe Stock. 
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Figure 6.4: Abundance of all Mammalian groups across site by %MNI. 
 
 Unsurprisingly, domesticated mammals are by far the most common mammalian 
taxa representing 88.2 %NISP and 82.9 %MNI of the mammalian assemblage. Among 
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26.1%
Sheep/Goat
21.7%
Domestic Pig
23.3%
Capreolus 1.6%
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these, ovicaprids (including sheep, sheep/goat, and goat) are the most abundant 
taxonomic group representing 50.7 %NISP and 54.9% of the total MNI. Pigs are the 
second most abundant group representing 35.6% NISP and 23.3% MNI.  It also becomes 
clear that among ovicaprids, specimens securely identified as sheep (Ovis aries) 
outnumber those identified as goats (Capra hircus) by a ratio of between 4 or 5 to 1. 
 Looking at the distributions of the major domesticate mammals alone (Table 6.6, 
Figures 6.5 and 6.6) provides an even clearer picture of their relative abundances at the 
site.  Some clear interpretations of the composition of the assemblage can be made when 
investigating the domestic mammal remains at the site as a whole. Since ovicaprids 
remains dominate the domestic mammal assemblage (57.5 %NISP, 66.3%MNI) 
distinguishing between the similar species comprising this group was a constant effort. 
This taxonomic grouping includes specimens identified as goats (Capra hircus), sheep 
(Ovis aries), and samples placed in the taxon "Sheep/Goat".  Following the criteria laid 
out in Chapter 5, I was able to distinguish between sheep and goat for roughly 40% of the 
ovicaprid remains. Samples for which Sheep/Goat was the furthest I could go with 
identification represented skeletal elements for which few reliable criteria exist for doing 
so as well as fragmentary remains missing the necessary diagnostic features. Of course 
this was further exacerbated by fresh breakage and the fragmentary nature of the 
collection as described in earlier chapters.  These species, may share similar skeletal 
morphology, but their management, use, and cultural significance are very different, 
making distinguishing between them critical. Indeed I will address these fundamental 
differences and how they are reflected in the data in more detail as the data are presented.  
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Figure 6.5: Species abundance of all domesticated mammals %NISP 
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Taxa/Categories NISP MNI %NISP %MNI 
Cattle 34 15 2.1 5.6 
Goat 50 23 3.1 8.6 
Sheep 302 84 18.7 31.5 
Sheep/Goat 578 70 35.7 26.2 
Domestic Pig 653 75 40.4 28.1 
Major 
Domesticated 
Mammals -Totals 1617 267 100.0 100.0 
Table 6.7: Species abundance of domesticated mammals. Values given as NISP, MNI, 
%NISP, and %MNI.  
 
     
Figure 6.6: Species abundance of all domesticated mammals by %MNI 
 
 
Cattle
5.6%
Goat
8.6%
Sheep
31.5%
Sheep/Goat
26.2%
Domestic Pig
28.1%
MNI TOTAL: 267
Major Domesticated Mammals - Site Totals by %NISP
   
  193 
 Looking at the domestic mammal assemblage, three major characteristics become 
clear. Firstly, cattle are the least abundant domesticates at the site, comprising only 2.1% 
of the number of identifiable domesticated mammal samples. Though the sample size of 
his study of remains from the surface survey of the entire site was rather small, Meadow 
(1990) also identified this trend suggesting that it may indeed be a wide spread pattern 
and not due to the size of the sampled area.  Second, among the ovicaprid remains, those 
identified as sheep far outnumber goats.  A comparison of NISP values gives a sheep to 
goat of 6:1, while selecting comparative MNI estimates gives a sheep to goat ratio of 
almost 4:1 (rounded from 3.7: 1). The third major observation, is that the pig (Sus 
scrofa), forms a major component of the domestic mammal assemblage. 40.4% of all 
identifiable domestic mammal specimens belonged to pigs and they comprise 28.1% of 
the assemblage by %MNI. This is comparable to the 31.5%MNI represented by Ovis 
aries.            
 Taking only the securely identified sheep into consideration it suggests that the 
Sheep to Pig ratio was nearly 1.12:1. If, however, we consider the sheep/goat category for 
a moment and assume that the 4:1 ratio of sheep to goats (using MNI) holds true across 
the site, we can assume that this group represents 56 sheep and 14 goats (4 sheep to 1 
goat out of 70 total MNI for Sheep/Goat) hiding in this category.  This provides for an 
estimate closer to 2:1 (1.9:1) of sheep to pigs. Incidentally, as I will show in the next 
section, this ratio estimate does seem to hold up when comparing abundance between 
buildings. Whatever the exact relative abundance of pigs to sheep may be, it is clear that 
pigs were very common at the site, indeed almost as common as sheep.  
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 Before presenting the species abundance data on the non-domesticated 
mammalian taxa, a discussion of the unidentifiable mammalian specimens is necessary. 
Not included in the overall site totals or any of the tables above are 1,718 unidentified 
mammalian samples (Table 6.8). These consisted of specimens that were fragmentary 
and did not retain sufficient diagnostic landmarks criteria that would have allowed 
precise identification.  Though often zooarchaeologists create less diagnostic or 
placeholder taxonomic groups such as this, they are often subjective and can also mean 
different things for different researchers. For instance, animals of comparable body size, 
such as sheep, goat, gazelle, deer, and even pigs, can often produce fragmentary long 
bone specimens which offer no concrete evidence supporting their placement in one 
taxon or the other. Barring genetic testing and advanced chemical methods, 
morphological assessment becomes difficult and perhaps ineffective.   
 A researcher may sometimes create categories such as "Sheep/Goat/Pig" or 
"Deer/Sheep/Goat" and these can often vary based on the scope of the research. 
Ultimately, these represent situations where one is left without discrete criteria for 
identification and what is more, categories that are often referred to as junk categories, 
which are ultimately meaningless for the purposes of some studies. The junk categories 
that I have used in this study for the mammalian remains are: Medium Mammal, Medium 
Artiodactyl, and simply, Mammalian.  Though these were used in place of species and 
taxonomic identification during the analysis, they are not included in any of the species 
abundance tables in this section as they provide little relevant information besides 
skeletal portion and taphonomy or modification. Some of these are included in 
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interpretation of weathering, breakage, fracture pattern, and surface modification in a 
subsequent section where they do actually provide diagnostic information, not for their 
identification, but for the processes which they record. The medium mammal category is 
very broad, it essentially describes a fragment which could be identified as over a dozen 
taxa within Bovidae, Cervidae, Suidae, or even Canidae. Most of the unidentifiable 
mammalian fragments (N=984) were placed in a Medium Mammal category. The 
Medium artiodactyl category (N=161) is slightly more diagnostic, in that it is essentially 
a grouping of the smaller bovids (sheep, goat, gazelle), cervids, and pigs. At first 
description it does not appear very different from the first category, however, in most 
cases these represent bones for which diagnostic features do exist.     
 These were ultimately cases where I had a guess but dared not rely on it for a 
more secure identification. Medium artiodactyl specimens were very often sheep/goat for 
which insufficient material survived to be able to exclude pigs from the diagnosis or vice 
versa.  This category was also the fate of samples for which distinguishing between 
domestic bovid, gazelle, and roe or fallow deer was also impossible. For many specimens 
in this latter group the category was temporary as further research and consultation with 
colleagues led to a more solid identification. The last of these junk categories is also the 
most hopeless. Identified as Mammalian or Mammalian bits (N=573), these were 
essentially small bone fragments (thumbnail size) with no diagnostic features, which 
could only sometimes be placed vaguely into skeletal part (i.e. long bone, cancellous 
bone, irregular bone).           
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Taxa/Categories Number of Fragments 
Medium Mammal 984 
Medium Artiodactyl 161 
Mammalian (Bits) 573 
Unidentifiable Mammal - Totals 1718 
Table 6.8: Mammalian fragments that are unidentifiable or have vague taxonomic 
grouping. 
                
 These presented only a basic record of taphonomic processes or modification on 
the rare occasion they were present. Though the overwhelming majority of the remains 
(88.2 %NISP 82.9 %MNI) belong to the "Big Four" domestic mammals (sheep, goats, 
cattle, pigs), the remaining portion of the assemblage is composed of a variety of 
mammalian taxa. After the major domesticates, carnivores, wild ruminants, and small 
animals are the next most abundant groups. Within the carnivore assemblage (Table 6.9; 
Figure 6.7),  Canid remains are the most common making up 42.3% of the total NISP, 
and 52.7% of the total MNI when the non-specific Canid and Fox (Vulpes vulpes) 
categories are added.  Due to the similarities in the skeletal morphology of the golden 
jackal, fox, dog, wolf, and even cat, particularly in the most common elements identified, 
namely the dentition, speciation of these remains was challenging.  
   
  197 
Figure 6.7: Comparative abundance of all carnivore remains. Values presented using 
NISP and MNI. The animal silhouettes were purchased by author from Adobe Stock. 
           
 Of the 33 specimens of canid remains, 13 were clearly identifiable as belonging to 
the Fox, likely the Red Fox (Vulpes vulpes) as the only other local species, Rüppell's fox 
(Vulpes rueppellii), is much smaller and more similar in size to a housecat (Larivière and 
Seddon 2001; Lenain, et al. 2004). Domestic dog (Canis familiaris) was suggested at the 
site by a partial innominate and atlas vertebra, whereas a partial mandible and portions of 
a cranium seem to match the Golden Jackal (Canis aureus). Given the overlap of these 
traits with jackals, dogs, and even foxes, these were just placed into a Canis sp. taxon. 
The rest of the remains were difficult to place into a specific canid taxon and were 
lumped together as well.   
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Taxa/Categories NISP MNI %NISP %MNI 
Small Carnivore 11 1 14.1 5.3 
Canis sp. 20 6 25.6 31.6 
Vulpes vulpes   
Red fox 13 4 16.7 21.1 
Mustellidae  
Vormela cf. peregusna. 
Marbled Polecat 21 3 26.9 15.8 
Felis cf. sylvestris 
Wild Cat 7 4 9.0 21.1 
Melivora capensis 
Honey Badger 6 1 7.7 5.3 
Carnivores - Totals 78 19 100.0 100.0 
Table 6.9: Comparative abundance of all carnivore remains from Mashkan-shapir by 
NISP, MNI, %NISP and %MNI. 
          
 Mustelids made up the second largest portion of the carnivore remains. A partially 
complete lower forelimb portion of a mandible allowed the identification of the honey 
badger (Melivora capensis). Other mustelid remains suggest an animal smaller than an 
otter or badger, but larger than a weasel. Among the Iraqi mustelid fauna, the marbled 
polecat (Vormella peregusna) is a likely candidate but these may also be smaller 
specimens of badger (Meles, Melivora) or otter (Lutra).    
 Specimens identified only as small carnivore, may represent the aforementioned 
Rüppell's fox (Vulpes rueppellii). Mostly adult teeth and jaw parts, they appear canid but 
are very small. Cranial elements and associated cervical vertebrae of Felis, likely 
belonging to the wild cat, Felis sylvestris were also identified among the carnivore 
assemblage.           
 Wild ruminants, water buffalo, and wild boar were also identified in the 
assemblage. The most abundant of these wild species are the Persian or goitered gazelle 
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(Gazella subgutturosa) and the European roe deer (Capreolus capreolus) represented by 
eight and nine securely identified specimens (NISP) respectively (Table 6.10). Fallow 
deer (Dama dama) was also represented by six specimens. In line with the low 
abundance of cattle from the site, water buffalo, despite being an important domesticate, 
is very rare in the assemblage. Only two specimens of water buffalo (Bubalus bubalis) 
were identified in the entire assemblage. These were both medial phalanges seemingly 
belonging to the same individual in the same context. The lack of water buffalo in the 
assemblage will be discussed further in chapter 8. It is worth noting that the modern 
Marsh Arabs seldom consume their water Buffalo, and often dispose of dead water 
buffalo with burial as opposed to discarding them(Hamdan al-Tamimi, et al. 2012; 
Ochsenschlager 2014). Lastly, three worked specimens of very large boar remains, 
namely phalanges, were also tentatively identified as wild based mainly on their immense 
size.            
 The last group of mammalian taxa are the small animals. Small animal remains 
consisted of Leporids (Rabbits, Hares) at 38.9 %MNI and Rodents at 61.1 %MNI (Table 
6.11; Figure 6.8). Leporid remains from the site consisted of those securely identified to 
Cape hare (Lepus capensis) and those for which a specific identification was not possible. 
The cape hare Lepus capensis and the European hare Lepus europaeus are the two 
species of Leporids native to Iraq. The European hare, however, is less common in 
southern Iraq (Alves and Hackländer 2008; Demirbas and Albayrak 2014).   
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Taxa/Categories NISP MNI %NISP %MNI 
Domestic Mammals 1617 267 88.2 82.9 
Roe Deer 9 5 0.5 1.6 
Fallow Deer 6 4 0.3 1.2 
Gazelle 8 6 0.4 1.9 
Water Buffalo 2 1 0.1 0.3 
Wild Boar 3 2 0.2 0.6 
Carnivores - Totals 78 19 4.3 5.9 
Small Mammals - Totals 110 18 6.0 5.6 
Column Totals 1833 322 100.0 100.0 
Table 6.10: Comparative abundance of wild ruminants among mammalian taxa. Values 
presented using NISP, MNI, %NISP, and %MNI. 
 
 The rodents which were the most abundant group of small mammals in the 
collection, were quite mixed. Though extensive attempts at specific identification weren't 
made for all remains, positive identifications were made for the Dipodidae, namely the 
Euphrates jerboa (Allactaga euphratica). Other rodents were placed in the small rodent 
category, but these included several Muridae (mice, rats, voles, gerbils) and at least one 
Cricetid (field hamsters). Most rodent remains, however, were not identified to specific 
taxon.           
 Though ovicaprids, and particularly sheep have been shown to be the dominant 
taxa in the assemblage, based on the abundance of pigs and the diversity of wild 
mammals, the results as I have presented them thus far suggest that the residents of 
Mashkan-shapir were familiar with the variety of resources at their disposal. 
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Taxa/Categories NISP MNI %NISP %MNI 
Unidentified 
Leporidae 19 4 17.3 22.2 
Lepus capensis 14 3 12.7 16.7 
Small Rodents 71 9 64.5 50.0 
Dipodidae 6 2 5.5 11.1 
Small Mammals - 
Totals 110 18 100.0 100.0 
Table 6.11: Comparative abundance of all small mammal remains by NISP, MNI, 
%NISP and %MNI. 
 
                 
Figure 6.8: Comparative abundance of all small mammal remains. Data presented using 
NISP and MNI values. Animal silhouettes purchased by author from Adobe Stock. 
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 As I delve deeper into the secondary patterns in the data here and then provide 
relevant ecological, biological, and cultural background for these species in Chapter 7, it 
will become even clearer that not only where the people of Mashkan-shapir aware of the 
opportunities offered by their surroundings, but that these formed a critical portion of the 
sites economy.          
 Looking to the avian portion of the assemblage, it appears that virtually every 
edible or economically viable species in the area was hunted. It is of course true that the 
sample of bird remains is fairly small (NISP 152), however, given that this assemblage 
represents faunal remains from only a small portion of a very large settlement, yet still 
contains a diverse sample of important avian fauna from the area, these data support the 
notion that wild wetland resources were an important part of the lives of Mashkan-
shapir's people.  For example, among the avian taxa present, ducks were the most 
abundant, and were represented by at least three identified species as well as several other 
specimens not discernible to species which were placed in size categories. Meadow 
(1990) used this method in his analysis of the material from the Mashkan-shapir surface 
collection from the 1987 season. He used simple categories of small, medium, and large 
ducks and compared these to known Iraqi species.  I have used the same method here.
 Table 6.11 and Figure 6.9 present a summary of the avian assemblage with the 
specimens organized into larger taxonomic families. The most abundant taxa are the 
ducks, comprising 39.5% of the total avian sample (%NISP) and 57.9% of the total MNI. 
Table 6.12 expands the duck category (Anatinae) from the site into its constituent taxa. 
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Taxa/Categories NISP MNI %NISP %MNI 
Anatinae (Dabbling Ducks) 60 33 39.5 57.9 
Fulica atra (Eurasian Coot) 61 10 40.1 17.5 
Cygnus cf. olor (Swan) 3 2 2.0 3.5 
Anserinae (Geese) 5 2 3.3 3.5 
Phalacrocorax ssp. (All 
Cormorants) 8 4 5.3 7.0 
Ardeidae (All Herons) 10 3 6.6 5.3 
Phoenicopterus roseus 
(Greater Flamingo) 2 1 1.3 1.8 
Falconidae (Falcons) 1 1 0.7 1.8 
Colombidae (Doves) 2 1 1.3 1.8 
Birds - Totals 152 57 100.0 100.0 
Table 6.12: All avian taxonomic groups. Values given as  NISP, %NISP, MNI and 
%MNI. 
 
 
Taxa/Categories NISP MNI %NISP %MNI 
Small ducks 9 6 15.0 18.2 
Medium ducks 15 7 25.0 21.2 
Large ducks 9 5 15.0 15.2 
Anas penelope 5 3 8.3 9.1 
Anas crecca 19 10 31.7 30.3 
Anas platyrhynchos 3 2 5.0 6.1 
Ducks - Totals 60 33 100.0 100.0 
Table 6.13: All ducks identified in assemblage. Values listed by NISP, %NISP, MNI and 
%MNI.  
 
   
 In total, 152 specimens were identified as birds representing 15 different species 
or taxonomic groupings. Among these small and medium sized ducks, as represented in 
the collection by Eurasian teal (Anas crecca) and the Eurasian wigeon (Anas penelope) 
respectively, are the most abundant taxa. These were three of the duck taxa for which I 
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had good access to both comparative skeletons but whose skeletal anatomy is outlined in 
various texts for the researcher.  
  
Figure 6.9: Pie chart showing all avian taxa by %MNI 
 
At least one set of duck remains associated with one of the infant burial features 
appeared to belong to a species of small duck which I could not identify but was 
complete enough (mostly complete left leg elements and portions of the sternum) to rule 
out the duck species mentioned above. The remains suggest a small individual closer in 
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size to the diminutive teal, which even as adults average between 11-12 oz. (340-400g) in 
weight and can be as small as 20 cm in length (Butchart 2012. ; Woolfenden 1961).  The 
garganey (Anas querquedula) is a candidate for these slightly larger small duck remains 
based on its size and its presence among the natural waterfowl of Iraq.  The majority of 
the duck remains were only placed into size category as it was nearly impossible to 
speciate these unless a specific skeletal element was found or articulated elements were 
found together. This was the case for a good portion of the waterfowl identifications as 
they were found in the same context with articulating elements more often than any other 
taxa besides fish.         
 Besides the ducks, members of several other waterfowl taxa were also identified 
in the collection (Table 6.14). Following the ducks, the only identified member of the 
Rail family (Rallidae), the Eurasian coot (Fulica atra), is the most common, in fact, the 
coot is represented by the highest number of specimens (NISP: 61) for any one species. 
As will be examined in Chapter 8, this is largely due to the presence of partially complete 
specimens of this bird inside of ceramic vessels from features within the site contexts. 
The next largest category, the cormorants (Phalacrocoracidae) were represented by 8 
specimens, three of which belong to the same individual which was identified specifically 
as pygmy cormorant (Phalacrocorax pygmaeus).      
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Taxa/Categories NISP MNI %NISP % MNI 
Anatinae (small ducks) 9 6 5.9 10.5 
Anatinae (medium ducks) 15 7 9.9 12.3 
Anatinae (large ducks) 9 5 5.9 8.8 
Anas penelope 5 3 3.3 5.3 
Anas crecca 19 10 12.5 17.5 
Anas platyrhynchos 3 2 2.0 3.5 
Fulica atra 61 10 40.1 17.5 
Cygnus 3 2 2.0 3.5 
Anserinae 5 2 3.3 3.5 
Ardeola ralloides 6 1 3.9 1.8 
Phalacrocorax sp. 5 3 3.3 5.3 
Phalacrocorax pygmaeus 3 1 2.0 1.8 
Egretta gularis 4 2 2.6 3.5 
Phoenicopterus roseus 2 1 1.3 1.8 
Falconidae 1 1 0.7 1.8 
Colombidae 2 1 1.3 1.8 
Birds - Totals 152 57 100.0 100.0 
Table 6.14: All avian species identified listed by NISP, %NISP, MNI, and %MNI values. 
 
 The waterfowl family Ardeidae (Herons) was represented (Total: 6.6%NISP; 5.3 
%MNI) in the assemblage by the western reef heron (Egretta gularis) and the squacco 
heron (Ardeola ralloidea), making up 3.5% and 1.8% of the total avian MNI respectively. 
Large waterfowl of the sub-family Anserinae (Geese and Swans) were also found in the 
collection. Goose remains were only tentatively identified as Anser anser (greylag goose) 
based solely on morphological likeness and size, but without any more concrete 
diagnostic criteria I recorded these as simply Anser sp. for this analysis. Three fragments 
of very large anserine remains, found in two different outdoor contexts of the site provide 
clear evidence of the Swan (Cygnus sp.) among the avian remains at the site. Based on its 
size and the cygnid taxa available in Iraq, this individual is almost certainly a Mute swan 
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(Cygnus olor), again, however, I avoided placing avian remains in specific species 
particularly when so few samples were present throughout the site. Repetitive slice marks 
on one of these (distal portion of a tibiotarsus) also clearly identify intentional butchery. 
In fact, evidence of cooking and preparation, though not uncommon at the site, is actually 
very common in the bird remains as I will demonstrate when data on human modification 
is presented. Rounding out the avian taxa in the assemblage were remains of a falconid, 
likely a harrier or kestrel, a colombid, likely a dove, and a Flamingo (Phoenicopterus 
roseus). Incidentally, flamingo remains also showed evidence of burning.    
 The next category of taxa that I will expand on is the Fish remains.  Fish remains, 
totaling 1,920 identifiable samples (NISP), actually comprised 41.4% of all identifiable 
bone (%NISP) from the site and that 31.6 of all individual animals estimated for the site 
were actually fish (%MNI). Compared to domesticate mammals, which make up only 
34.9% of all identifiable samples (%NISP) and account for only 21.8% of the 
“individual” animals at the site (%MNI), fish make up 56.7% (%NISP) of the identifiable 
samples and account for 32.6% of the MNI. Of course, where consumption, and resource 
production is concerned it is not “all about the numbers”. These are two very different 
categories of animals. Indeed an estimation of the live weight of the fish from the site as 
well as age and sex profiles and estimation of meat yields from domestic animals was 
conducted to help truly qualify the role of fish at the site, the results of which will be 
outlined in Section 6.4         
 For the moment, it is clear that fish remains are quite abundant. In fact, they are 
also the most diverse category of remains. Of the over 80 categories or taxa identified in 
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the assemblage nearly 50 are fish species or taxonomic groupings which categorize fish. 
Fish are by far the most diverse class of animal in the assemblage. In Chapters 7 and 8, 
this staggering diversity of fish will be examined at length, paying special attention to 
fishing methods, habitat, seasonality, and the concepts of heterarchical niche exploitation 
and sustainability outlined in chapter 4 and central to this investigation. In this section I 
will present the data on taxonomic abundance of fish first in larger classification groups 
(Table 6.15). I will then examine these groups (Carp, Catfish, etc.) separately, refining 
the species diversity within, much as I have done with mammals in the beginning of this 
subsection.           
 The most abundant family of fish in the Mashkan-shapir assemblage are the 
Cyprinidae. These fish comprise the Carp, Barbs, and Barbels. As outlined in Chapter 5, 
by using the comparative material collected in Iraq, as well as published data and online 
sources I was able to identify seven species of Cyprinid outright. This goal was met due 
in large part to the discovery of partially complete skeletons belonging to the same 
individual within many of the features within room contexts at the site, particularly those 
found in, on, or near vessels associated with burials and burial offerings. As mentioned in 
Chapter 1, the phenomenon of fish offerings in southern Mesopotamia is well 
documented, and this site is no exception. Not only do these contexts provide crucial 
socio-cultural data relevant to the scope of this study, but the discovery of multiple bones 
of the same fish within these features provides more reliable diagnostic criteria for 
taxonomic identification. 
 
   
  209 
Taxa/Categories NISP MNI %NISP %MNI 
Cyprinid Fish - Totals 1299 251 67.7 64.7 
Catfish - Totals 357 64 18.6 16.5 
Clupeiform Fish - Totals 46 27 2.4 7.0 
Perciform Fish - Totals 117 24 6.1 6.2 
Mugilid Fish - Totals 84 14 4.4 3.6 
Mastacembelus mastacembelus 9 6 0.5 1.5 
Barracuda 2 1 0.1 0.3 
Strongylura 6 1 0.3 0.3 
  Column Totals 1920 388 100.0 100.0 
Table 6.15: All identifiable fish remains by major taxonomic grouping. Values presented 
using NISP, MNI, %NISP, and %MNI.  
          
 Identifying species from a collection of jaw parts (most reliable elements for 
identification of fish) from the same fish is much easier than doing the same from a single 
vertebra, which generally do not vary as much within closely related groups of species.  
Table 6.16 below lists these seven taxa: Mesopotamichthys sharpeyi, Carasobarbus 
luteus, Leuciscus vorax (Aspius vorax), Luciobarbus esocinus, Barbus grypus, 
Luciobarbus subquincunciatus, and Luciobarbus xanthopterus. As I will show in the next 
chapter, these species continue to be economically and socially relevant in southern Iraq 
today. The proportion of the Cyprinid assemblage which was identified to species was 
very low. Only 4.4% of all fish specimens were identified to the species level. Roughly 
half of these samples are from the features mentioned, and the rest represent the best 
preserved examples in a site where generally only the vertebral remains of fish weren’t in 
some way damaged by fragmentation. Jaw parts are also very fragile. As a general rule, it 
is wise to come up with at least a tentative identification of such remains in the field, 
before the often inevitable destruction that results from bagging, tagging, storage, and 
transport can affect them.  
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Taxa/Categories NISP MNI %NISP %MNI 
Cyprinidae Size Class -2 6 1 0.5 0.4 
Cyprinidae Size Class -1 21 9 1.6 3.6 
Cyprinidae Size Class 0 96 17 7.4 6.8 
Cyprinidae Size Class 1 173 28 13.3 11.2 
Cyprinidae Size Class 2 184 27 14.2 10.8 
Cyprinidae Size Class 3 86 19 6.6 7.6 
Cyprinidae Size Class 4 84 17 6.5 6.8 
Cyprinidae Size Class 5 34 11 2.6 4.4 
Cyprinidae Size Class 6 24 11 1.8 4.4 
Cyprinidae Size Class 7 19 8 1.5 3.2 
Cyprinidae Size Class 8 25 10 1.9 4.0 
Cyprinidae Size Class 9 14 9 1.1 3.6 
Cyprinidae Size Class 10 5 3 0.4 1.2 
Cyprinidae Size Class 11 10 4 0.8 1.6 
Cyprinidae Size Class 12 12 3 0.9 1.2 
Cyprinidae Size Class 13 2 1 0.2 0.4 
Cyprinidae Size Class 14 2 1 0.2 0.4 
Cyprinidae Size Class 15 2 1 0.2 0.4 
Tiny Cyprinid Size Group 7 2 0.5 0.8 
Small Cyprinid Size Group 163 13 12.5 5.2 
Medium Cyprinid Size Group 197 18 15.2 7.2 
Large Cyprinid Size Group 59 9 4.5 3.6 
Giant Cyprinid Size Group 17 3 1.3 1.2 
Mesopotamichtys sharpeyi (Small) 7 2 0.5 0.8 
Mesopotamichtys sharpeyi (Medium) 3 3 0.2 1.2 
Mesopotamichtys sharpeyi (Large) 1 1 0.1 0.4 
Carasobarbus  luteus (Small) 4 3 0.3 1.2 
Barbus grypus (Medium) 12 5 0.9 2.0 
Barbus grypus (Large) 6 2 0.5 0.8 
Barbus grypus (Extra-large) 4 1 0.3 0.4 
Luciobarbus xanthopterus (Medium) 9 4 0.7 1.6 
Leuciscus vorax (Medium) 4 2 0.3 0.8 
Luciobarbus esocinus (Giant) 1 1 0.1 0.4 
Luciobarbus esocinus (Large) 2 1 0.2 0.4 
Luciobarbus subquincunciatus (Medium) 4 1 0.3 0.4 
Cyprinidae - Column Totals 1299 251 100.0 100.0 
Table 6.16: All cyprinid species and taxonomic groups in the assemblage. Date presented 
by NISP, MNI, %NISP, and %MNI.  
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 As I described in Chapter 3, this process did take its toll on the Mashkan-shapir 
remains. What I instantly noticed, however, was that my plan for using size classes to 
help quantify, identify, and make sense of the fish remains seems to have been very 
effective. Using the size class system I devised and outlined in Chapter 5, I was also able 
to place a large portion of the remains which I could not assign to species, into vertebral 
size classes, as vertebrae are very common in the collection.  
 For remains which could not be placed into these vertebral size classes, 
essentially, remains from contexts or MNI units where there were no identifiable 
vertebral remains that could be measures, I used a size group category. This was 
accomplished using the cranial and appendicular remains of five specimens of the large 
bighead carp (Hypophthalmichthys nobilis) recorded while alive from an Asian specialty 
fish market in New York City. The proprietor graciously agreed to record the weight and 
length of large carp butchered, and set aside parts from cleaning (including the head and 
often many of the fins) which I then collected and used to prepare comparative skeletons. 
This material allowed me to at the very least create a spectrum of mental comparison 
allowing me to create crude size groupings (Table 6.17) relating these the size class 
system used for vertebrae and to apply regression formulae to them. Though the largest 
individual for which the skull parts were prepared was 48 lbs. (~21kg),  they did cover 
the first 11 size categories and allowed me to have a rough idea what grouping I could 
place fragmentary remains in.  Though not as precisely accurate, I was able to account for 
the live weight estimate of several specimen of carp in this manner as I will demonstrate 
in a subsequent section.  
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Fish Size 
Group 
Vertebral 
Size 
Class 
Range 
Included 
in 
Category 
Average Length of Fish in 
Size Group (in mm.) 
Average Weight of Fish in Size 
Group (in grams) 
Tiny 
Cyprinid -2 to 0 133.70 36.48 
Small 
Cyprinid 1 to 2 381.72   (3.8m) 509.59  (0.51kg) 
Medium 
Cyprinid 3 to 4 610.38  (.61m) 1742.29  (1.74kg) 
Large 
Cyprinid 5 to 6 839.04  (.84m) 4191.07  (4.19kg) 
Extra Large 
Cyprinid 7 to 9 1124.87  (1.12m) 9899.90  (9.90kg) 
Giant 
Cyprinid 10 to 12 1505.98  (1.51m) 22782.62  (22.78kg) 
Titanic 
Cyprinid 13 to 15 1887.10  (1.89m) 40385.47  (40.39kg) 
Legendary 
Cyprinid* 16+ >2000  (2.0m) > 50000  (50kg) 
Table 6.17: Fish size groups created at site to accommodate unmeasurable specimens. 
Corresponding size class range as well as TL and TW estimates are included. 
           
 In the extremely rare cases where cranial parts were found complete I still opted 
to place them into these groupings as the total number of fragments where standard 
measurements could be taken was less than 20. Carp remains were very diverse in the 
collection, with seventeen size classes represented, indicating fish ranging in weight from 
less than 50g to nearly 40 kg. Of these cyprinids organized by size, size classes 1-6 were 
the most common.  To illustrate the most common sizes of cyprinids most abundant at 
Mashkan-shapir, all fish remains were placed into the size group scheme above. The most 
abundant fish fall into the category of small and medium cyprinids, likely also being the 
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most common in the environment.  Really tiny specimens of which there were few, 
particularly those in size -2, are tentatively identified at best, as they may represent tiny 
Cyprinodontidae (tooth carp), cyprinid fry, or small prey fish originating from the 
stomach contents of larger individuals. Their identification with a low powered digital 
microscope was not always secure and in many cases these were unidentified.    
 The second most abundant group of fish were catfish which made up over 18% of 
the identified fish specimen and represented over 16% of the total MNI for fish 
(%NISP18.6, %MNI 16.5).  Two species were identified in the collection a silurid and a 
bagrid, the Mesopotamian catfish (Silurus triostegus), and the zugzug catfish (Mystus 
pelusius) respectively (Table 6.18).  The same vertebral size class criteria were used to 
place these into size categories. M. pelusius, a relatively small fish compared to S. 
triostegus, did not exhibit much size diversity, with the majority of individuals belonging 
to size categories 0, and 1. S. triostegus, on the other hand showed a great size range from 
size class 3 to size class 15. As was done with Carp, an attempt was made to place 
fragmentary and non-vertebral remains into size categories using a comparative scale, 
largely by back estimation of known measurements of jaw parts. There were not very 
many of these types of remains. This type estimation was not even attempted for the 
remaining groups identified in the collection, and a strict use of the vertebral size class 
measurements was used.  
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Taxa/Categories NISP MNI %NISP %MNI 
Silurus triostegus (Medium) 23 6 6.4 9.4 
Silurus triostegus (Large) 37 4 10.4 6.3 
Silurus triostegus (Giant) 2 2 0.6 3.1 
Silurus triostegus Size Class 3 6 2 1.7 3.1 
Silurus triostegus Size Class 4 9 3 2.5 4.7 
Silurus triostegus Size Class 5 16 5 4.5 7.8 
Silurus triostegus Size Class 6 2 2 0.6 3.1 
Silurus triostegus Size Class 7 15 4 4.2 6.3 
Silurus triostegus Size Class 8 2 1 0.6 1.6 
Silurus triostegus Size Class 11 5 1 1.4 1.6 
Silurus triostegus Size Class 15 1 1 0.3 1.6 
Mystus pelusius (Small) 40 5 11.2 7.8 
Mystus pelusius Size Class 0 2 2 0.6 3.1 
Mystus pelusius Size Class 1 10 3 2.8 4.7 
Mystus pelusius Size Class 2 2 1 0.6 1.6 
Mystus pelusius Size Class 3 5 2 1.4 3.1 
Mystus pelusius Size Class 4 3 1 0.8 1.6 
Tiny Siluriformes Size Group 2 1 0.6 1.6 
Small Siluriformes Size Group 24 2 6.7 3.1 
Medium Siluriformes Size Group 101 10 28.3 15.6 
Large Siluriformes Size Group 50 6 14.0 9.4 
Catfish - Totals 357 64 100.0 100.0 
Table 6.18: All catfish identified by species and size category. Values given in NISP, 
MNI, %NISP, and %MNI. 
           
 The fish fauna from Mashkan-shapir were quite diverse, including common Iraqi 
freshwater species such as shad (Tenualosa ilisha), abu mullet (Liza abu), Eel (M. 
mastacembelus).  Freshwater tolerant and adaptable species such as the balam anchovy 
(Thryssa hamiltonii),  northern whiting (Sillago sihama) and the yellow-finned sea bream 
(Acanthopagrus berda/latus cf.) which has been "recorded from the Shatt al Arab river, 
Shatt al Basrah canal, the Hammar marsh and Hawizahmarsh in Iraq and known to 
penetrate far inland in fresh waters elsewhere, including Iran"  (Coad 2010:264).   
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 Marine species are very rare but present in the collection as evidenced by remains 
of the moomagh (Sardinella sindensis), barracuda (Barracuda jello) and Pompano 
(Trachinotus sp.). The characteristics of these species and their interpretation in the 
collection will be discussed in detail in Chapter 7. Among these species, the most 
abundant at Mashkan-shapir are the hilsa shad (T. ilisha) and the abu mullet (L.abu). 
Sparids, however are also quite common (NISP: 50) and though less than a quarter of 
these have been identified as a member of the genus Acanthopagrus (likely A. latus/A. 
berda) whose taxonomy is contested for the region it is likely they all represent this 
species. A discussion of the specific identification of this sea bream will be included in 
Chapter 7. Table 6.19 provides abundance values for these taxa. Figure 6.12 displays 
samples of the fish diversity at the site represented by vertebrae.  
 
Figure 6.10: Examples of fish vertebrae from the various classes identified at the site. 
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Taxa/Categories NISP MNI %NISP %MNI 
Perciformes: Unidentified 23 3 8.7 4.1 
Perciformes: Sparidae 36 7 13.6 9.6 
Perciformes: Acanthopagrus latus 14 5 5.3 6.8 
Perciformes: Carangidae 12 2 4.5 2.7 
Carangidae: Trachinotus cf. blochii 19 4 7.2 5.5 
Perciformes: Sillago sihama 13 3 4.9 4.1 
Clupeiformes: Tenualosa ilisha 16 7 6.1 9.6 
Clupeiformes: Thryssa sp. 9 2 3.4 2.7 
Clupeiformes: Sardinella sindensis 8 4 3.0 5.5 
Clupeiformes: Tenualosa sp. 13 14 4.9 19.2 
Mugilidae : Liza abu 84 14 31.8 19.2 
Mastacembelus mastacembelus 9 6 3.4 8.2 
Perciformes-Sphyraenidae:  
Barracuda jello 2 1 0.8 1.4 
Beloniformes: Strongylura strongylura 6 1 2.3 1.4 
Column Totals 264 73 100.0 100.0 
Table 6.19: Less common taxonomic groups of fish at the site by species and category. 
Data presented at NISP, MNI, %NISP, and %MNI. 
 
 Reptiles were also present in the collection from Mashkan-shapir, consisting of 20 
specimens belonging to four taxa. The majority of the material consisted of remains of 
plastron fragments belonging to a terrapin of the genus Mauremys, likely the middle 
eastern terrapin (Mauremys caspica) which is common in the region (Khalaf 1959; 
Rastegar-Pouyani, et al. 2011) as well as several plastron fragments of the spur-thighed 
tortoise (Testudo graeca). Though a NISP of five and four are recorded (Figure 6.11) for 
these species respectively, I must note that joining plastron fragments were not counted 
separately, the nearly complete yet charred plastron and partial carapace of a specimen of 
Testudo graeca bearing several cut marks was pieced together from nearly 16 pieces 
resulting from fresh breakage, indeed many plastron fragments where refit in this manner. 
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The number of freshly broken plastron fragments of Testudo graeca for example, before 
refitting, was larger than the final NISP (Nf=51). The genus of soft-shelled turtles, 
Trionyx, was also represented (NISP:1) as was an unidentified snake of medium size 
based on the articulating vertebrae identified (NISP:5). 
 
Figure 6.11: Site-wide abundance of all reptilian taxa. Values given by NISP and MNI.    
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 Lastly, mollusc remains, presented in Table 6.20, are dominated by species of 
freshwater mussels (Family Unionidae) making up 80.9% (NISP) of the mollusc remains. 
Freshwater clams of the genus Corbicula, namely Corbicula fluminalis, a close relative 
of the notoriously invasive Asian clam Corbicula fluminea (McMahon 1983; Sousa, et al. 
2008), accounted for 18.9% (NISP) of the sample.      
 Also represented in both cases by a single shell is a cowry (Cypraea sp.) and an 
operculum belonging to a turbinid marine snail (Turbo sp.), likely to represent an object 
of decoration or jewelry. Opercula of these species are common in antiquity, as well as 
the modern era where they are used as 'gemstones' (Figure 6.12).    
   
Figure 6.12: Turbinidae operculum from Mashkan-shapir (right). Modern Turbinid 
operculum used for jewelry crafting (Photo courtesy of Katherine Mills downloaded with 
permission from https://www.etsy.com/shop/MysticalHeart7) 
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Taxa/Categories NISP MNI %NISP %MNI 
Cyrenidae: Corbicula fluminalis 133 75 18.9 16.7 
Unionidae: Anodonta sp. 11 2 1.6 0.4 
Unionidae: Unio sp. 544 361 77.4 80.4 
Unionidae: Unio tigridis 10 7 1.4 1.6 
Unionidae: Psuedodontopsis sp. 3 2 0.4 0.4 
Turbinidae: Turbo sp. 1 1 0.1 0.2 
Cypraeidae: Cypraea sp. 1 1 0.1 0.2 
Molluscs - Totals 703 449 100.0 100.0 
Table 6.20: Abundance data for all molluscs. Values given as NISP, %NISP, MNI, and 
%MNI. 
           
 Molluscs were not the only invertebrates attested to in the collection, five 
preserved fragments of crustacean shell were also identified within flotation samples 
(Figure 6.13). Fragments of the carapace parts, including the chela (pincer) of freshwater 
crab (Potamon sp.) were identified. Two of these are completely charred.    
 
Figure 6.13: Well preserved examples of carapace parts of a crustacean, likely freshwater 
crab Potamon, from Mashkan-shapir with evidence of burning.  
 
   
  220 
6.3 Intra-site Species Distribution Patterns: An Introduction 
 In this section I will present species data organized into meaningful context units 
to discern any intra-site patterns in their distribution. It must be noted that as outlined in 
Chapter 3, represents only ten 10x10m squares, accounting for a mere 1,000 square 
meters of a nearly 72 hectare site (0.14% of the site by area). For this reason, and the fact 
that the buildings within followed a similar architectural plan, it is crucial to point out 
that any patterns identified would not allow firm conclusions and would require further 
investigation of the site, a prospect which as I discuss in chapter 9, may not be possible in 
the foreseeable future. In this section, species distribution from the site will be compared 
among buildings at the site. They will also be compared between rooms, courtyards, 
streets, yards, and features.          
  
6.3.1: Intra-Site Species Distribution: The Buildings     
 When comparing the distribution of taxa among buildings at the site, what is clear 
is that the variations are not marked. When the site plan is taken into consideration as 
well as the sample richness, It is no surprise that the buildings which have most if not all 
of their area revealed and produced the most remains, namely Buildings A, C, and to a 
lesser extent D are also the ones whose abundances came closer to the site totals. This is 
perhaps best illustrated when targeting a specific taxonomic group, namely the major 
domesticate mammals: goat, sheep, cattle, and pigs (including the hybrid 'junk' taxon 
sheep/goat).            
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 Figure 6.14 provides a comparison of the portion of the overall sample provided 
by each building. Using silhouettes to represent these taxa, I present their relative 
abundance by building using %MNI comparisons in Figure 6.14 below. A scale for the 
images at 50% MNI is also provided and the presented species parades, provide a 
relative comparison of abundance. Site totals are also reproduced here, as are totals for all 
streets and outside areas. The distribution of the major domesticates is fairly uniform and 
deviates very little from the site total. Buildings B, and E, which are only partially 
excavated and have the smallest portion of the total sample (11% and 7% respectively). 
Comparing the ratio of sheep to goat between Buildings A and C overall site ratio of 4:1is 
up-help (Building A at 38:9 is 4.2:1 and Building C at 36:9 is 4:1). From this analysis, 
virtually nothing new can be said concerning the interpretation of these buildings.  
 Based on the uniform distribution, it is possible to suggest that these buildings 
were similar in their context and/or use, or at the very least are associated with the same 
refuse. This study did not produce any patterns which showed that there was any 
significant difference in the types of assemblages between buildings. A comparison of the 
taxonomic distribution between different context types showed that some contexts were 
richer than others, in general, but did not produce any significant patterns which may 
reflect social differences. The only significant difference, as I will show, was when 
comparing the contexts of burial vessels and features, as well as burning or cooking 
features to other contexts at the site. 
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Figure 6.14: Species distribution by building of major domesticated mammals by 
%MNI. 
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Figure 6.15: Taxonomic abundance comparison among Buildings by %MNI  
          
 Distribution of fauna from these context types are presented in various forms by 
Figure 6.16 (Special Features), Figure 6.17 (Courtyards), Figure 6.18 (Rooms), and 
Figure 6.19 (Outside Areas). Data for the site as a whole is also reproduced in the same 
manner in Figure 6.20. Additionally, Figure 3.21 shows the percent contribution (by 
%NISP) to the total sample by each context type.  Once again, there does not seem to be 
much of a difference overall in the composition by context compared to the site totals.  
Building A
41%
Building B
11%
Building C
22%
Building D
19%
Building E
7%
Taxonomic abundance comparison among Buildings 
by %MNI
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Figure 6.16: Distribution of fauna in all Special Feature contexts 
 
 However, several basic observations about the distribution of faunal remains 
among contexts can be made. Firstly, the largest portion of the remains come from rooms 
(%). It is important to note that this is also the most abundant context type as over two 
dozen rooms were sampled during excavations. Secondly fish are by far the most 
abundant within special features making up over 705 (NISP) of the assemblage from 
special features. This is largely due to the presence of charred and/or sometimes complete 
of partially complete skeletons of fish associated with these features. One of these 
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contexts, labelled "fish platter" contained just that, an entire charred skeleton of a Size 4 
Cyprinid, namely C.luteus (Figure 6.3.9).  
 
Figure 6.17: Distribution of Fauna from all Courtyard Contexts 
 
 This particular specimen and its relationship to ancient mesopotamian culture and 
the Mazghouf tradition of fish grilling will be discussed further in Chapters 7, & 8. Third, 
Molluscs are more abundant within indoor (specifically rooms) than outdoor spaces, 
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where domestic mammal remains are more common. This observation may not prove 
diagnostic, but may also reflect the disposing of meal refuse in streets, alleys, and 
outdoor spaces. Given the fragmentary nature of mollusc remains, these may reflect relict 
fragments embedded within reed matting, or may be the result of preservation of rich 
shell deposits therein.  
 
Figure 6.18: Distribution of Fauna from all Room contexts by NISP and MNI.  
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Figure 6.19: Distribution of Fauna from all Outside contexts. 
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Figure 6.20: Site-wide distribution of Faunal by NISP and MNI. 
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Figure 6.21: Taxonomic Abundance comparison between context types. Values given as 
%NISP. 
          
 Overall, analysis of the distribution of fauna between context types only provides 
reasonable evidence that features within rooms, consisting of hearths, tanours, votive 
vessels from burials, and other burned features, seem to be the location of preparing fish, 
and as I will show in a subsequent section of this chapter, evidence from burning does 
indeed support this. As we examine the representation of skeletal parts at the site as well 
as evidence of burning and preparation of animals as food, some of these patterns will 
become clearer. 
Special 
Features
5%Courtyards
27%
Rooms
36%
Outside Areas
32%
Taxonomic abundance comparison between context types by 
%NISP
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6.4: Skeletal Element Representation 
In order to ascertain patterns of access to food, food preparation, animal husbandry and 
the overall relationship of these animals to the people at the site, I will next present data 
on skeletal part representation in the assemblage. The most striking patterns arise when 
pigs and ovicaprids are compared. Figures 6.22 and 6.24 provide an effective visual 
comparison of the relative abundances of body parts of these animals at the site. Tables 
6.21 and 6.22 provide a more detailed comparison using estimations of NISP, MNI, 
%NISP and %MNI. Data on all ovicaprids suggest a bias towards limb elements, 
testifying against the access to entire animals. Examining the pig data, however, shows 
all the criteria one would expect if people had access to entire pigs.   
 There is not a strong bias toward any particular body part. In fact, those body 
portions, namely the ribs and cranium which appear to be present in higher proportions 
are also those which are the most fragmentary at the site. In the case of the ribs and 
vertebrae, skeletal elements of very low density, this inflation of rib element MNE values 
is expected when entire animals are accessed. It is thus even more telling that this same 
phenomenon is not seen with ovicaprid remains, where rib calculations, an element that 
should be  inflated in cases of people having access to entire animals, are actually 
deflated. Further examination of the body part distribution of ovicaprids by portioning 
and MAU revealed this pattern to be more heavily in favor of the leg and fore-shank 
portions Figure 6.4.3; Table 6.4.3.  
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Figure 6.22: Skeletal element abundance for all ovicaprids. Values given as %MNE. 
Silhouettes filled in by D. Brellas; after M. Coutureau (Inrap), in collaboration with V. Forest 
1996 (Archeozoo.org); Barone 1976. 
 
 
It is clear from this analysis that the remains of ovicaprids in the assemblage were the 
result of a bias towards these portions, suggesting that meat from these animals was 
acquired and that some kind of redistribution is occurring. Butchery units from Lyman 
(1979)  were used to compare these portions. Figure 6.24 provides a side by side 
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comparison of the expected proportion of the whole animal for each butchery unit along 
with the proportions of butchery units in the Mashkan-shapir assemblage.  
 
 
Figure 6.23: Butchery unit distribution by portion for all Ovicaprids. Values shown as 
percent of total butchery units. 
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Table 6.21: Skeletal element abundance for all ovicaprids. Values given as NISP, MNI, 
%NISP, %MNE 
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 The bias toward the meaty elements of the fore-shank, and leg, are clear. Cranial 
elements and portions of the thoracic and lumbar areas are exceedingly rare. 
Interestingly, these are also the portions of the animal which bear the most meat.  
  
  
Figure 6.24: Skeletal element abundance for Pigs. Values given as %MNE. Silhouettes 
filled in by D. Brellas; after M. Coutureau (Inrap), in collaboration with V. Forest 1996 
(Archeozoo.org); Barone 1976. 
 
 
 For the pig, skeletal part distribution analysis strongly suggests access to entire 
animals. Using a similar analytical method as that for sheep, Figure 6.25 depicts the 
butchery unit distribution at the site.  
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Skeletal Element 
Suid Skeletal Element 
Abundance (Pigs) 
NISP MNE %NISP %MNE 
Cranial  104 22 18.0 5.8 
Maxilla 22 11 3.8 2.9 
Premaxilla 5 5 0.9 1.3 
Mandible 30 18 5.2 4.8 
Atlas 2 1 0.3 0.3 
Axis 1 1 0.2 0.3 
Cervical 11 11 1.9 2.9 
Scapula 30 25 5.2 6.6 
Humerus 13 13 2.3 3.4 
Radius 4 4 0.7 1.1 
Ulna 11 11 1.9 2.9 
Carpals 2 2 0.3 0.5 
Metacarpal 16 16 2.8 4.2 
Thoracic 41 35 7.1 9.3 
Ribs 136 53 23.6 14.1 
Lumbar 29 29 5.0 7.7 
Pelvis/Innominate 10 10 1.7 2.7 
Sacrum 1 1 0.2 0.3 
Femur 10 10 1.7 2.7 
Patella 1 1 0.2 0.3 
Tibia 10 10 1.7 2.7 
Fibula 1 1 0.2 0.3 
Calcaneus 7 7 1.2 1.9 
Astragalus 8 8 1.4 2.1 
Tarsals 0 0 0.0 0.0 
Metatarsal 25 25 4.3 6.6 
Proximal 
Phalanges 20 20 3.5 5.3 
Medial Phalanges 14 14 2.4 3.7 
Distal Phalanges 13 13 2.3 3.4 
TOTALS 577 377 100 100 
Table 6.22: Skeletal element abundance for pigs. Values given as NISP, MNI, %NISP, 
%MNE 
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Figure 6.25: Butchery unit distribution by portion for all Pigs. Values given as percent of 
total butchery units. 
 
           
 The proportions of these butchery units in the assemblage are very close to the 
correct ratio they would be if entire animals were processed. Parts are represented in the 
remains in nearly the same proportions they would be in the skeleton.  The implications 
of this pattern for recreating practices of husbandry and rearing strategies as well as their 
implications for my proposed heterarchical model are substantial and will be discussed in 
chapter 8.           
 Next, I will present data on the skeletal part composition of the fish assemblage at 
the site. Table 6.23 below depicts the abundance of skeletal portions for various 
categories of fish remains. Skeletal elements identified in the collection are sorted into 
categories set out in Figure 6.26 corresponding to skeletal portion. I designed this very 
basic system in order to identify patterns of fish processing as they apply to different 
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species, preparation methods, as well as differences in the way freshwater and marine 
fish are treated. These will also be used in a subsequent section when discussing the 
burning of fish parts. 
 
Table 6.23: Skeletal element distribution and presence of burning for fish remains. 
Values presented using NISP.  
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Figure 6.26: Fish body portions used in study. Silhouettes filled in by D. Brellas; after 
M. Coutureau (Inrap), in collaboration with V. Forest 1996 (Archeozoo.org); Barone 1976. 
 
 
 Three major patterns were identified by this analysis. The first was that carp, 
catfish, and other freshwater species are represented by both cranial and post cranial 
parts. The second pattern is that marine species, though rare, are represented only by post 
cranial portions of the skeleton. The third pattern identified was that scales are non-
existent in the collection, even though other remains also sensitive to preservation effects 
such as the chitinous fragments of crustaceans do preserve.  Of these species, carp are the 
most in-tact, suggesting very little preparation and processing/cooking of entire fish.  
Burning was also common among fish remains but the observations regarding this 
criterion will be discussed in a subsequent section.      
 Analysis of the composition of waterfowl remains from produced a curious result. 
Figures 6.27 and 6.28 show the composition, by portion, of these avian remains.  
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Figure 6.27: Differential abundance of carcass portions for all avian taxa. Color values 
correspond to those in Figure 6.28. 
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Figure 6.28: Distribution chart for carcass portions for all waterfowl. 
 
 It is immediately clear when examining the composition of bird remains, that 
crania are completely absent at the site. Though this trend might be explained by 
preservation, noting that lightweight, low density bird crania are prone to destruction, this 
may not be the sole explanation for this occurrence. One well preserved skeleton of 
Fulica atra, located within a small vessel uncovered from the site (Figure 6.4.7), as well 
as two other instances of complete portions of birds inside of vessel features from the site 
all were lacking crania. This pattern, namely one of "headless" waterfowl, suggests 
wildfowl preparation methods and perhaps field dressing of such birds and will be 
examined further in chapter 8.           
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Figure 6.29: Complete skeleton of Eurasian Coot (Fulica atra from "Coot Soup" vessel 
feature). Photo by Demetrios Brellas. 
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6.5 Live Weight Estimates         
 As outlined in Chapter 5, size class categories were used for fish in order to create 
standard measurement criteria to attempt to quantify just how significant fish 
consumption was at the site. Here I will present data on the live weight estimates of these 
various fish taxa calculated using the methodology described and regression formulae for 
these species or closely related ones when a formula doesn’t exist. I will present the 
complete data tables for Cyprinids by size class, as well by size group. Tables 6.24 and 
6.25 below demonstrate the process by which fish live weights were calculated.   
 Using the size classes laid out in chapter 5 and applying regression formulae to 
vertebral diameter one arrives at a total length (TL) estimate, which relates the vertebral 
size from the assemblage to a length estimate for the fish it came from. Next this estimate 
(TL) is applied to another regression formula, which also uses variables which depend on 
the taxon at hand, in order to estimate the total weight (TW) of the same fish. MNI is 
used for this process, as the ultimate goal is to arrive at a figure for consumption of 
quantities of actual fish.  A similar method is then applied to the specimens that were 
assigned to size group  (non-vertebral element) Table 6.26 shows the overall results of 
this process after they are applied to all taxa from the collection for which I had both 
measurable parts (vertebrae or otherwise)  as well as regression formulae available.  
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Table 6.24: Live weight estimates for fish by size group categories. 
           
 A grand total of 1,452.2 kg of fish was reconstructed for Mashkan-shapir. The 
majority of this figure consisted of Cyprinids (1,086 kg at 74.8%) and to a lesser extent 
Catfish (334.1 kg at 23.0%). These estimates were calculated using the formulae specific 
to carp and catfish described in Chapter 5. These subtotals were then added to come up 
with the final weight values for fish in Table 6.29.This process was also done for fish 
that were only placed in size group following the criteria outlined above. This allowed 
me to come up with more accurate and representative weight data for Fish.   
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Table 6.25: Live weight estimate for vertebrae for fish by size class. 
 The process was only completed with species for which formulae existed. These 
included carp, catfish, mullets, shad, and breams. Luckily, these are also the taxa for 
which a sample of significant size exists to make the data meaningful.  In order to 
provide a rough estimate to compare this figure to it was necessary to come up with meat 
weight estimates for sheep and pigs at the site.      
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Type Taxon 
Total 
Weight 
by 
Taxon 
(kg) 
% TW 
by 
Taxon 
Carp 
Various cyprinids by size class 786.1 54.1 
Various cyprinids by size group 222.2 15.3 
Mesopotamichthys sharpeyi  
by size group 10.4 0.7 
Carasobarbus luteus  by size group 1.5 0.1 
Leuciscus vorax/Aspius vorax   
by size group 3.5 0.2 
Luciobarbus esocinus  by size group 27.0 1.9 
Barbus grypus  by size group 27.0 1.9 
Luciobarbus subquincunciatus   
by size group 1.7 0.1 
Luciobarbus xanthopterus  
by size group 7.0 0.5 
Total Carp 1086.4 74.8 
Catfish 
Silurus triostegus by size class 246.1 16.9 
Silurus triostegus by size group 72.1 5.0 
Mystus pelusius 15.9 1.1 
Total Catfish 334.1 23.0 
Mullet Liza abu  4.0 0.3 
Shad Tenualosa ilisha 17.0 1.2 
Bream Acanthopagrus sp. 10.8 0.7 
All Fish Total Fish Weight from Site 1452.2 100.0 
        Table 6.26: Calculated live weight estimates for all groups of fish. 
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Figure 6.30: Percent composition of fish meat by taxon.  Data provided by %TW.  
 
 To arrive at weight estimates for pigs and ovicaprids,  I consulted Lyman (1979) 
for a rough estimate.  Ultimately I selected to estimate meat weight for sheep using 
butchery unit, while using MNI for pigs. I justify this by the observation for skeletal part 
bias on the part of the sheep remains, deciding that MNI would be very inaccurate as it is 
clear that entire carcasses were not used by the people who produced this assemblage. 
Given that suid remains seemed to represent access to entire carcasses I used MNI 
applied to Lyman's (1979) estimates for meat weight (MTWT) per butchering unit. These 
values are provided in Figure 6.31 and Table 6.27.       
            
Carp/Barb
74.8%
Catfish
23.0%
Mullet 0.3%
Shad 
1.2%
Bream 
0.7%
%Composition of Total Fish Live Weight by Taxonomic Group
Total Weight: 1452.2kg
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 The results of this analysis show that pigs would have contributed far more meat 
than ovicaprids in this assemblage.  Essentially, although an the estimate for MNI of 
sheep at the site produces 84 individuals,  only certain portions of those individuals 
appear in the assemblage from this area, presuming therefore that the rest of their 
portions were butchered, deposited, and/or distributed eslewhere. On the other hand, all 
or nearly all of the estimated 75 (MNI) pigs were perhaps butchered and deposited within 
this area or by the same individuals or activity.       
   
 
Figure 6.31: Sources of total meat consumed at site. Data given in %MTWT in 
kilograms. 
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Butchery Unit MTWT (kg) # Units estimated in collection 
Total MTWT  
per Unit 
Chuck 4.9 25 122.5 
Foreshank 0.7 33 23.1 
Brisket 0.5 1 0.5 
Breast 1.5 1 1.5 
Short Rack 2.3 3 6.9 
Loin 5.3 5 26.5 
Flank 1.5 5 7.5 
Leg 31.7 41 1299.7 
Total Meat Weight (Ovicaprids) 1488.2 
     (A) 
MNI 
Pigs 
MTWT/pig (kg)  converted 
from Lyman 1979 
Total Meat Weight for Pigs 
(kg) 
75 83.45 6258.75 
      (B)           
               
Table 6.27: Total meat weight estimates for domestic ovicaprids and pigs. Values given 
in MTWT in kilograms. 
            
 A comparison of the contributions to the supposed diet of  fish, pigs, and 
ovicaprids is presented in figure 6.5.3.  Pig contributes the most meat weight of the three 
taxa , accounting for over 68% of the total meatweight, followed by ovicaprids and ten 
fish, producing  16.2%  and 15.8% of the total meat weight respectively.   Not only are 
pigs more massive and as I will show in Chapter 7, more productive in terms of meat, but 
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as we have seen, entire skeletons seem to have been butchered here.  Data  reviewed so 
far suggest that sheep, on the other hand, were acquired in smaller portions.  
 Even though the remains of sheep are more numerous at the site, these data 
suggest that they were not the primary source of meat, a supposition that will be 
strengthened further when I present data on age and sex composition as well as butchery. 
Furthermore, in terms of contribution to the meat consumed at the site, fish are by no 
means secondary. From this analysis it is clear that fish made a significant contribution to 
the diet at the site.  
 
                 
6.6: Age and Sex Profiles: 
 Analysis of the age and sex composition of the major domesticate mammals 
yielded several interesting results relevant to this study.  Here I will present information 
on Sheep and Pigs, using only those specimens which yielded both age data as well as 
sex data. Age estimates were recorded for every specimen that had any age indicators. 
The most compelling specimens, offering both sex and age data were used to produce age 
profiles organized by sex below.  Figure 6.32 presents survivability curves for male and 
female sheep and the criteria used to build them after Zeder (2006).  These data clearly 
indicate that males are killed off in mass and early on. By the end of the first year, half of 
the male sheep are butchered, leaving only a small percentage in the second year of life 
(18%). No in-tact males past the age of 30 months were identified in the collection. Six 
specimens identified as wethers were aged by fusion to 30-36mo., yet given the 
uncertainty of this sex identification, they are not included in this figure. According to the 
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data females enjoy a much longer life span, where all individuals make it through the first 
year of life, and indeed 75% seem to survive on to 48 months.  Data for goats is presented 
in Figure 6.33.          
 Next I present data on sheep, goats, and all ovicaprids (sheep+Sheep/goats+goats) 
including all specimens for which age data were possible and recorded. These profiles are 
not limited to those which indicate sex as well, allowing for a larger sample size. These 
results are presented in Figure 6.34. Overall, ovicaprids have a high % survivability 
throughout life and suggest the existence of many unsexable females in the collection if 
the trends by sex are to be believed.  The pattern for goats, in fact, seems to indicate that 
they are kept alive longer and in general slaughtered at a later age than sheep.  These 
trends suggest a focus on secondary products primarily wool in the case of sheep. This 
interpretation is discussed further in Chapter 8. Mortality data for pigs is presented by 
Figures 6.35 and 6.36. Age-able pig remains, when either examined in total or when 
looking at only those specimens that estimate sex produce a similar pattern. Many piglets 
die (Up to 40%) in the first year of life regardless of sex, with numbers slowly 
slaughtered off thereafter for females, with males culled slightly earlier. However, these 
is not a clear or smooth pattern, for instance, there are among the remains, several canine 
teeth indicating older males present in the assemblage. The sex profiles of pigs at 
Mashkan-shapir are quite diverse.        
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          Figure 6.32: Age mortality data for male and female sheep. 
   
  252 
 
            
             
 
Figure 6.33: Age mortality data for male and female goats.  
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Figure 6.34: Age mortality data for all ovicaprids 
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 Figure 6.35: Age mortality data for all pigs. 
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Figure 6.36: Age mortality data for male and female pigs. 
 
6.7: Surface Modification and Burning in the Assemblage 
 Burning, cut marks, and carnivore gnaw marks are the most common surface 
modification processes at work in the Mashkan-shapir collection. In this section I will 
discuss the most meaningful alterations as they pertain to this study, namely, the 
distribution of cut marks on ovicaprid and suid remains, the evidence of burning and cut 
marks on wild food sources, as well as the burning of fish bone remains.  Over 50 cut 
marks were identified on ovicaprid remains.  Cut marks on ovicaprid remains are 
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remarkable in that they are most abundant on lower limb elements (primarily distal 
metatarsals) and consistently occur in the same places throughout the collection. They are 
also precise and seldom record repetitive slicing or cutting actions. Butchery techniques 
applied to sheep/goat remains appear methodical, and predictable.  Figure 6.37 below 
demonstrate the frequency and location of these using a partially exploded Sheep/Goat 
skeleton as a template. Table 6.28 notes the location and frequency of these marks on the 
ovicaprid skeleton.          
 An assessment of the location and abundance of cut marks on pig remains shown 
in Figure 6.38, however, produced quite different results. Cut marks are present 
throughout the skeleton, not limited to specific portion.  They do not suggest a single 
methodical butchery approach, yet support haphazard butchery. Indeed the cut marks 
themselves (Figure 6.39) are also imprecise, and often repetitive, indicating perhaps a 
lack of knowledge or adherence to a specific butchery regimen. The implication of these 
two seemingly very different butchery methods between Sheep/Goat and Pig and how it 
fits in to this research will be discussed in Chapter 8.     
 Cut marks were also present on the remains of waterfowl, as well as those of wild 
ruminants. These, just as those seen on pigs, also seem to be imprecise, haphazard, and 
lacking in skill. Figure 6.40 provides an example of such chaotic butchery on the distal 
tibiotarsus of a large Anseriform (Goose/Swan) bird. Wild bird remains also showed 
abundant evidence of cooking and processing, from burning indicating roasting (Figure 
6.41) to warping of bone suggesting boiling.   
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Figure 6.37: Distribution of cut marks on ovicaprid remains. Silhouettes filled in by D. 
Brellas; after M. Coutureau (Inrap), in collaboration with V. Forest 1996 (Archeozoo.org); Barone 
1976. 
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Element Left Right Axial/Indeterminate 
Astragalus 3 4  
Calcaneus 1 1  
Femur 1 1  
Humerus 3 1  
Mandible   1 
Metacarpal 3 8  
Metatarsal 16 12  
Proximal Phalanx   2 
Rib   1 
Scapula 2  1 
Tarsals   1 
Thoracic Vertebrae   2 
Tibia 2 6  
Ulna  1 1 
Lone Bone Fragments   8 
Vertebral Fragments   1 
Table 6.28: Presence of cut marks on ovicaprid remains.  
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Figure 6.38: Distribution of cut marks on suid remains. Silhouettes filled in by D. 
Brellas; after M. Coutureau (Inrap), in collaboration with V. Forest 1996 (Archeozoo.org); Barone 
1976.  
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Figure 6.39: Remains of Sus scrofa showing locations of repetitive cut marks. Red 
arrows indicate cut marks in the image. Photo by Demetrios Brellas. 
 
   
Figure 6.40: Haphazard cut marks on distal tibiotarsus of large anseriform bird (Cygnus 
cf. olor). Yellow arrows indicate cut marks in the image. Photo by Demetrios Brellas 
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Figure 6.41: Avian remains with evidence of burning. Photo by Demetrios Brellas 
 
 
 A discussion of patterns of burning of fish remains is critical here. By far, the 
most prevalent burning is associated with fish remains (Table 6.29).  For example, nearly 
30% of carp remains are burned, while 25.8% of all fish remains in general indicate 
burning to some degree. The burnt carp remains are of particular interest in that they offer 
evidence of cooking method. Fish remains from the collection, particularly small 
vertebrae, spine, and rays, are often extremely burnt and calcined (Figure 6.42). The high 
degree of burning, particularly on skeletal parts which are the most covered by flesh, 
suggests that carp, in particular, may have been split open and roasted, using the 
traditional Masghouf method (Figure 6.43)  for grilling fish.  Data on fish anatomy as 
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well as ethnographic accounts from southern Iraq will be used to discuss this possibility 
for the site, as it has already been suggested by the archaeological remains at Mashkan-
shapir as well as other sites.  
      
Figure 6.42: Samples of burned and calcined fish vertebrae including carp, catfish and 
shad from the assemblage. Photo by Demetrios Brellas 
 
 
Figure 6.43: Masghouf prepared using the traditional method. Taken with permission 
from Nasrallah (2003:362) Photo by Nawal Nasrallah. 
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Portion of Skeleton 
All Fish Carp 
NISP 
NISP 
burnt 
% 
Burnt NISP 
NISP 
burnt 
% 
Burnt 
Abdominal Region 596 76 13 350 59 16.9 
Anal Region 44 6 14 3 0 0.0 
Cranium 53 9 17 10 2 20.0 
Dorsal Region 218 58 27 140 26 18.6 
Extremities 96 27 28 20 12 60.0 
Gill Apparatus 279 192 69 159 88 55.3 
Jaw Parts 138 5 4 72 29 40.3 
Pectoral Region 54 6 11 21 8 38.1 
Pelvic Region 8 6 75 0 0 0.0 
Tail Region 269 68 25 185 61 33.0 
Totals 1755 453 25.8 960 285 29.7 
Table 6.29: Burning data for carp by body part compared to all fish. Data presented 
using NISP values. 
 
 
6.8: Suid Molar Measurements 
 In order to get a better idea of the morphological characteristics of the pigs from 
the assemblage I chose measured the suid third molars in the assemblage. Using the 
procedures I laid out in chapter 5 I then compared these data with data for known suids in 
the wild boar, feral, and domestic categories from Mayer, et al. (1998). Figure 6.44 
presents the measurements of these teeth plotted on the same axis as the known 
comparative measurements. It must first be noted that only eight third molar teeth were 
candidates for measurement. Though there were many other such teeth, most were flaked, 
broken, or missing significant portions of the tooth that would have made taking the 
measurements of length and with difficult if not impossible. Even with this limited 
sample, the teeth from Mashkan-shapir indicate quite a mixed phenotype based on 
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measurement indices. When compared to the mean data from Mayer, et al. (1998), the 
teeth in the collection do not cluster within a specific category, but are rather spread out, 
indicating an overlap with wild, feral, and domestic individuals. The relevance of this 
data will be discussed further in the next chapter, but at the start, it indicates a very 
diverse population as well as one whose breeding is not strictly managed.   
  
Figure 6.44: Measurement of suid third molars and comparative examples. 
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6.9: Bite Marks on Bone 
 Bite marks were identified on 67 specimens. Types of bite marks identified 
included: rodent gnaw marks, small carnivore (mustelid) gnawing, pig chew, canine 
gnaw marks, human bite marks, indeterminate bite marks, as well as gastric etching of 
the bone surface likely from digestion by canids. The most common of these marks was 
pig chew, present on 36% of chewed samples. This would indicate that pigs had ready 
access to bones, likely from refuse or table scraps. These data are presented in Figure 
6.45 and Table 6.30. 
 
    
Figure 6.45: Comparative abundance of bite mark type.      
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Modification N 
Gastric Etching 4 
Indeterminate Gnawing 11 
Canine Gnawing 9 
Pig Chew 24 
Human Bite Marks 3 
Rodent Gnawing 14 
Small Carnivore Gnawing 2 
Totals 67 
      Table 6.30: Bite mark data and type.  
 
   
 Figure 6.46: An example of pig chew from the assemblage. Photo by Demetrios 
Brellas 
 
 
 
 
   
  267 
 
6.10 Additional data recorded for bones       
 Not all of the data recorded for each specimen was directly applied to the central 
aims of this thesis. Nearly forty individual fields of data were possible for each specimen 
during the analysis. Many of these fields, for instance measurements, weights, specific 
portion, percent completion, landmarks, and color to name a few, were not used in this 
analysis. Along with these, and the data already presented here, I recorded the presence 
of weathering as well as fracture pattern, which I will present here to give the reader an 
idea of the post-depositional history of the assemblage.     
 Table 6.31 presents the data on weathering patterns at the site. Here the specimens 
are correlated graphically so that samples which have more than one type of weathering 
effect can also be indicated. Nearly 20% (19.9%) of samples contained two different 
types of weathering effects. Salt concretion and root etching were the most common 
types identified with nearly 43% of weathered samples showing salt concretion and 45% 
indicating root etching, with 12% bearing both. Longitudinal cracking was also common 
at the site, present on 121 samples of bone.  Deciding what weathering processes were 
responsible for this phenomenon would require more research.  Water abrasion otherwise 
resembling smoothening or rounding of bone samples due to the effects of water was 
present at the site as was sun bleaching, but were uncommon.  Only a small number of 
samples had evidence of more than two weathering processes and are not indicated in the 
table. 
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Salt 
Concretion 
Root Etching 
Longitudinal 
Cracks 
M
ineral 
Staining 
W
ater 
A
brasion 
Sun 
Bleaching 
Salt Concretion 
380           
Root Etching 
172 650         
Longitudinal 
Cracks 
72 11 121       
Mineral 
Staining 
18 2 1 3     
Water Abrasion 
0 0 9 1 9   
Sun Bleaching 
0 1 7 0 1 24 
Table 6.31: Weathering type abundances and correlation. NISP tallies used for table, 
samples containing more than two types of weathering were rare and consisted only of 
eleven samples indicating root etching, salt concretion, and longitudinal cracking and two 
samples indicating root etching, salt concretion, longitudinal cracks, and green mineral 
staining. 
            
 Fracture patterns were recorded for all broken pieces of long bone for which there 
was no indication of fresh breakage whatsoever.  These included the diagnostic long bone 
fragments where on end was broken as well as shaft fragments.  The  most common types 
of breaks were standard spiral breaks (NISP:832) but also smooth perpendicular breaks 
(NISP:471).  
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Spiral 
Longitudinal 
V
-shaped 
Flaked 
Stepped 
Saw
-toothed 
Irregular 
Perpendicular 
Sm
ooth 
Perpendicular 
Spiral 
832               
Longitudinal 
36 32             
V-shaped 
12 11 27           
Flaked 
41 1 23 41         
Stepped 
6 24 2 4 88       
Saw-toothed 
1 2 9 21 12 78     
Irregular 
Perpendicular 
21 4 4 11 11 23 154   
Smooth 
Perpendicular 
230 18 19 4 8 8 143 471 
Table 6.32: Abundance of various fracture patterns and their correlation in the 
assemblage. NISP tallies used to present data. Samples indicating more than two types of 
fracture pattern were labelled mixed. The total number of ‘mixed’ specimens was 117. 
         
 In general given the mixed type of fractures on old breaks the assemblage does 
indicate a degree of reworking, perhaps due to trampling. There are many portions of the 
assemblage that sole exhibit spiral breaks. Specifically 87% of specimens from room or 
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courtyard contexts only show this kind of breakage. Smooth and flat breaks indicating 
dry bone breakage in antiquity are much more common in specimens from the street 
contexts, particularly the central avenue, where 88% of broken long bones exhibit some 
form of dry bone breakage, or mixed breakage. Essentially the material from the outdoor 
contexts, particularly those from the street, resemble reworked trashy fill, while those in 
the indoor contexts appear less reworked, still largely retaining the original green breaks. 
Though I have not completed an in-depth, context by context analysis of fracture 
patterns, the data do exist, if this type of study is to be done in the future.    
                  
6.11 Archaeobotanical Data        
 The 1990 excavations included a rigorous sampling campaign aimed at collecting 
botanical and microfaunal samples. Flotation samples and wet sieving produced 118 
samples. Though this number is small in terms of what many largescale excavations 
would produce, it is important to note that all of these come from the 1990 excavation 
area, encompassing slightly more than 11 9x9 meter units. This figure essentially 
translates to a sample for each context with some contexts, such as vessels and their 
contents, making up entire samples within a given context. This material was collected 
using flotation and wet sieving at Mashkan-shapir during the 1990 season. A preliminary 
analysis of the material was completed by Michael Charles, the project’s 
paleoethnobotanist. The results of this analysis, compiled in two drafts, Charles (1992a) 
and Charles (1992b), were provided by Elizabeth Stone and Paul Zimansky.  This 
analysis included data from the preliminary processing of 32 samples and the complete 
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analysis of 25 samples. These include tallies of items identified (abundance) and a record 
of the samples containing particular items (ubiquity). The botanical analysis also included 
data concerning preservation, distribution of plant parts, an appendix with short 
descriptions of the species found, as well as an preliminary interpretation of the patterns 
in the data. Even with only the richest selection of samples from flotation analyzed, some 
very interesting patterns emerge which have profound ramifications for the goals of this 
study.            
  It is important to note that this data was provided by Elizabeth Stone in the form 
of an unpublished preliminary draft by Charles (1992). The data in the form of raw 
counts of items found in flotation have been taken directly from the text of this graph and 
extrapolated into figures based on Charles’draft and flotation notes which were very 
thorough and detailed.  Where I have taken interpretational ideas from this report I have 
indicated it by citing the text.  It is my hope that going forward the data may be 
reinvestigated so that its maximum potential can be reached. For the time being, I rely 
solely incorporating this incomplete data as well as my own thoughts, which admittedly 
relate largely to zooarchaeology and the needs of animals.  These results will be 
summarized below and expanded upon in Chapter 8 where they will be interpreted 
alongside the faunal data.  
              
6.11.1  Taxonomic Abundance and Ubiquity     
 Botanical remains at Mashkan-shapir were quite diverse. Table 6.33 and Figures 
6.47, 6.48, and 6.49 present adata on the composition of the botanical assemblage. 
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Table 6.33: All botanical data from Mashkan-shapir. Data shows total count, ubiquity, % 
abundance, %Presence, and DAFOR ranking. Based on unpublished analysis by (Charles 
1992) 
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Figure 6.47: Abundance by percent of total identified items of botanical remains from 
Mashkan-shapir. Figures taken from results of  preliminary analysis by Michael Charles 
of the 25 richest out of 110 total samples from flotation and wet sieving of the 1990 
excavation material (Charles 1992a).  
 
 The most abundant item within the botanical assemblage were cereals identified 
as barley (24% of identified items) and the group including various cultivated garden 
crops (26% of identified items), which include tubers, capers, sesame, cucurbids, and 
various legumes. Also common in the samples were reeds (5% of identified items), dates 
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(8% of identified items), and ovicaprid dung pellets (10% of identified items). In the 
sections to follow I will describe these results in more detail.     
              
6.12.2 Cultivated Grains and Crops       
 Barley (Hordeum sativum), was the major cereal crop identified at the site 
comprising 24% of the total items identified and present in 92% of all samples (23/25 
tallied). Only 3 specimens of wheat of the Triticum diccocum variety were also identified 
in 3 samples at the site (0.7% of total specimens).  The ratio of grain to chaff was 
estimated based on this data to be roughly 1:1 by which suggested a crop that was 
relatively unclean without any extensive removal of chaff by processing (Charles 
1992a:3).  Additionally, a ratio of two to six row barely of 1:2 was calculated. Barley was 
described as poorly preserved. 
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Figure 6.48: Ubiquity of the various categories of botanical remains at Mashkan-shapir. 
Data based on the preliminary analysis of flotation and wet sieving samples by Charles 
(1992). Results of this preliminary analysis included the 25 richest samples from the site 
out of a total of 118 taken. 
           
 Dates, Phoenix dactylifera, were one of the most abundant categories of remains 
identified. They constituted 8% of the items identified but were present in all but one of 
the samples (96% presence).  Date pits were in general well preserved and (Charles 
1992a) suggests a different depositional and taphonomic history for dates compared to 
cereal fragments from the site. 
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Figure 6.49: Composition of cereal assemblage identified at the site by plant part.  
 
 Cultivated Legumes made up 6.4% of the identified items, present in 52% of the 
samples. These  consisted largely of grass pea (Lathyrus sativus) but also lentil (Lens 
culinaris), and horse bean (Vicia faba), though specific tallies of these are not given by 
Charles (1992a, 1992b). Other potentially cultivated crops identified included capers 
(Capparis spinosa), sesame (Sesamus sp.), a tuber identified as similar to Cyperus 
rotundus, and a type of cucurbit (melon/gourd) which was not identified. These consisted 
of 19.7% of the identified items and were present in 48% of the samples.  Again, specific 
tallies of the taxa in this category are not given, apart from the caper which consisted of a 
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large cluster of 51 seeds in one sample, as well as isolated seeds within 11 other samples.  
 Reeds culm nodes were present in a low frequency (5% of total items from site) 
but were located in 80% of the samples taken, indicating they were quite ubiquitous in 
the site contexts. Charles (1992a) associates the ubiquity of reed culm nodes, essentially 
the remains of reed stems, with the widespread use in ancient Mesopotamia of reeds for 
architecture, textiles, tools, and other crafts.       
 Figure 6.50 indicates the portion of reed anatomy identified in the samples along 
with latex casts of bitumen impressions created by reed textiles at the site. Indeed, reed 
impressions preserved in bitumen, are very common at the site (Stone and Zimansky 
1994) and are likely the result of mats held together using bitumen as an adhesive (Figure 
Above). Reeds, along with mud brick are the basic building components in southern 
Mesopotamia and reeds are used in an endless variety of ways in accordance with a 
sustainable wetland lifestyle. The use of reeds for crafting and architecture is extremely 
relevant to the thesis of this research will be discussed further in Chapter 8.   
 The remainder of the botanical sample consists of wild grasses, weeds, and dung. 
Small, unidentified wild grass seeds make up 2% of the total items identified from the 
site and are present in 32% of samples analyzed. These were not identified further. A 
more detailed description and other characteristics of the charred remains is incorporated 
into the discussion chapter, Chapter 8, as they pertain to addressing the issues of 
agricultural scale, production, fodder, dung, garden crops and household production, as 
well as the central concepts of heterarchy and sustainable agroecology at the site.  
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Figure 6.50: Anatomical features of grasses indicating culm node segments (Kyle 
2006:Figure 1, page 2)  and latex casts of reed textile impressions on bitumen fragments 
found at Mashkan-shapir (Stone and Zimansky 1994:Figure 9, page 450). 
 
6.12 Worked Bone         
 In the Mashkan-shapir collection, human modification of animal bone is quite 
common. Thirty-two specimens show some degree of deliberate working. By far the most 
common type of worked bone are bovid astragali. Out of a total of Sixty-two bovid 
astragali, Twenty-four (38.7%) show evidence of working to some degree. Nine of these 
(Figures 6.51, 6.52) are in fact clustered within a single context, the east room of the 
sounding 4H95III, which is the only excavation unit outside of the building A-E 
complex, located in the central mound of the site as described in Chapter 3.  
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Figure 6.51: Worked astragali from east room of sounding 4H95III. Photo by Demetrios 
Brellas. 
           
 These types of artifacts are found throughout the world and have been identified 
as gaming tokens, dice, and talismans. In fact, this type of artifact is still quite common 
throughout the world. The majority of these "dice" exhibit mild to moderate sanding of 
the lateral and medial faces, however some samples are worked on up to four out of six 
planes. Many of these specimens appear polished, retaining a shine likely due to repeated 
handling and polishing from being used. Dents and surface nicks are also common, 
suggesting normal use wear. The phenomenon of bovid and cervid astragali being 
worked in this manner is extremely widespread, both geographically and through time.  
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Figure 6.52: Close-up of worked astragali from 4H95III showing variety of worked 
surfaces. Photo by Demetrios Brellas. 
           
 Traditionally, these have been interpreted as gaming pieces. A variety of 
ethnographic accounts from Europe, Africa, and Asia describe children's games that are 
still played using the astragali of domestic sheep and goat (Brewster 1960; Budd and 
Newman 1941; Kabzińska-Stawarz 1991; Kramer 2014; Sutton-Smith 1951; Tsionas and 
Tzika 2010). As a child of Greek immigrants to the United States, I myself have early 
memories of Easter lamb roasts where our parents showed us how to play a game they 
called Κότσια (/'kəʊ.tsɪə/), similar to jacks or marbles, using the astragali from our meal 
which we would collect from holiday to holiday, and invariably fight over.  The astragali 
A B 
C D 
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of wild bovids and cervids worked in the same manner have also been found in 
archaeological contexts in the New World (Karsten 1930; Koerper 2008; Koerper and 
Whitney-Desautels 1999; Lewis 1988, 1990), particularly in the eastern and southern 
United States, though the cultural origins of these artifacts (Pre- vs. Post-contact) are still 
debated. These versatile artifacts have traditionally been associated with gambling dice 
games, children's games, divination and fortune telling, and other ritual uses in ancient 
contexts (Gilmour 1997; Holmgren and Santillo 2002; Mazzorin and Minniti 2013; 
Minniti and Peyronel 2005). More recently, theories relating these objects with primitive 
currency and economy (Holmgren and Santillo 2002; Lowrey 2014) have also been put 
forth. Perhaps more convincingly, researchers working in Eastern Europe have proposed 
an association with ceramic manufacture, specifically the use of these objects as ceramic 
burnishing tools (Mărgărit 2015; Meier 2010).       
 At Mashkan-shapir, these artifacts were worked in a variety of ways.  Figure 6.53 
indicates the same four astragali photographed to show each of the four major faces 
normally worked, the lateral, medial, ventral, and dorsal. The remaining two sides, the 
cranial, and caudal, are not deliberately worked, with the exception of two astragali 
where these edges are also worked. In many cases, these unworked sides do record use-
wear in the form of small breaks and dings likely resulting from being tossed.  
 The worked astragali from Mashkan-shapir fall into two main categories. The 
largest group (N=12) are ground down or polished on the lateral or medial sides (Figure 
6.52: B, C, D), followed by the second largest group (N=6) that are worked on the large 
ventral or dorsal faces (Figure 6.52: A).  
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Figure 6.53: Set of four worked astragali turned to illustrate working of multiple sides. 
Shown are:  posterior view (A), lateral view (B), anterior view (C), and medial view (D). 
Photo by Demetrios Brellas. 
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 The remaining artifacts exhibit a mixture of both (N=3) or polishing on the caudal 
(plantar) or cranial (superior) edges (N=2). One of these is shown in Figure 6.52: D. Two 
specimens shown in Figure 6.54 below, are highly polished, smooth on all faces ,  
exhibit use wear throughout and retain what may be traces of paint or bitumen on the 
medial face.  
   
Figure 6.54: Highly polished and potentially painted astragali from Mashkan-shapir. 
Photo by Demetrios Brellas.  
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Chapter Seven: Discussion I: The Species 
7.1Chapter Introduction        
 As the results of this analysis have revealed, the Mashkan-shapir assemblage is 
exquisitely diverse.  The more well-known sheep, goat, and cattle (Bovidae) as well as 
pigs (Suidae) are fairly well understood insofar as their role as the major domesticate old 
world ancient species. In this chapter, however, I will attempt to shed light on the role of 
the less well known taxa found in the collection. The overwhelming majority of these 
species call the Mesopotamian wetlands their permanent home. Many are also drawn 
from the surrounding areas to the marshes, canals, and waterways for their waters or the 
food they bring. Still many others are seasonal visitors, such as the flocks of migratory 
waterbirds from Europe, Asia, and Africa or the various anadromous and catadromous for 
which their waters serve as spawning grounds and nurseries.    
 The purpose of this chapter is twofold. I will first provide a summary of the 
patterns observed in the data presented in Chapter 6 for each taxonomic group. Following 
this summary I will provide the reader with more information regarding the less well 
known species encountered in this assemblage. In each subsection, following the data 
summary, I will provide information about the life cycles, habitat, and characteristics of 
these species as well as discuss their relationship with humans and its relevance to the 
current study. Information on their modern distribution and use in Iraq as well as the 
effect of recent environmental decline on their populations will also be discussed to help 
understand their role at the site and Southern Mesopotamia at large. I will begin this 
chapter with some brief comments on the major domesticated animals which will be 
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relevant in the discussion of their role at the site in Chapter 8. In the sections to follow I 
will provide biocultural dossiers for the wild, wetland, and less well understood 
(archaeologically for the period) animal species, organized into three major groups :  fish,  
birds, and invertebrates.         
 A short discussion of the wild mammals, reptiles, and plant species will be 
included as part of the discussion chapter as their contribution to the assembage is far 
overshadowed by the birds, fish, and molluscs. The aim of this chapter is to provide 
necessary background information on the taxa represented at Mashkan-shapir to 
researchers, as well as to facilitate discussion of the relevance of patterns in these taxa to 
the central goals of this analysis.         
                     
7.2 Patterns in the Data: The Major Domesticate Mammals    
 The analysis of faunal remains from Mashkan-shapir identified some very clear 
patterns for both wild and domestic taxa. The results which are most relevant to this study 
are summarized here. These are presented in order of Taxonomic category in sub-sections 
below and incorporate relevant information from the preliminary discussion in Chapter 7 
when necessary. Figure 7.1 presents data on the composition of the domestic animal 
assemblage at Mashkan-shapir. This graphic uses a side by side comparison of the entire 
domestic mammal assemblage first by NISP, then MNI. In the subsections (7.2.1 to 
7.2.5) each of these categories is elaborated on and a summary of patterns in their data 
and an interpretation and their role at the site are provided.  
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Figure 7.1: Composition by %NISP and %MNI of the domestic mammal assemblage at 
Mashkan-shapir.  
 
7.2.1Cattle           
 Data presented in Section 6.2 indicate that compared to ovicaprids, cattle are quite 
uncommon at the site (Figure 7.1), making up 2.1% of the total number of identifiable 
domestic mammal fragments. The cattle to sheep/goat ratio, which is used to quantify the 
degree of agricultural intensity (Redding 1993) is nearly 27:1 by NISP and 12:1 by MNI. 
It is important to note that though there the cattle sample size is small, stress pathologies 
from plow bearing are clear and present on cattle hoof remains. This and other indicators 
of the scale of agricultural intensity, will be discussed further in Chapter 8 in 
conjunction with the botanical data from the site. Figure 7.2 below summarizes some of 
the major patterns in the cattle data from the site.  
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Figure 7.2: Summary of major patterns indicated by the faunal data for Cattle at 
Mashkan-shapir.  
            
                       
7.2.2 Ovicaprids 
 Analysis of ovicaprid remains from the site produced several clear patterns which 
are summarized in Figure 7.3. Sheep dominated goats in the assemblage by a significant 
factor. The ratio of sheep to goat is estimated to fall between 6:1 and 4:1 (NISP vs MNI 
Sheep/goat to 
cattle ratio      
(12:1 by  MNI) 
suggests low 
agricultural 
intensity
Evidence of 
traction on cattle 
extremities
Low sample size 
limits age/sex data. 
Oldest specimen  
aged older than 3 
years, youngest 
under 2 years
Sample size is very 
low, but only 
composed of lower 
limb elements and 
extremities. 
Cattle are 
uncommon at site.  
NISP: 34   
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respectively) at the site. Distribution of skeletal portions (Chapter 6.4) indicate a strong 
bias towards limb elements. Namely those elements of the hind limb are strongly favored. 
Sheep body portions indicate indirect access to sheep meat, where these limb portions are 
present in quantities of up to 4 times ratio in which they are present in a complete animal. 
Some form of redistribution or differential access is implied by this bias and will be 
discussed further in subsequent sections of this chapter. Sex and Age mortality profiles 
(Chapter 6.6) indicate a slight to moderate slaughter bias towards males in first two 
years of life, with individuals of both sexes, yet more females, maintained to over four 
years of age.  Elderly sheep are present in assemblage as evidenced by osteoporosis, 
osteoarthritis, and degenerative bone density loss. The assemblage shows a moderate bias 
towards females (Table/Figure), yet the presence of wethers is also suggested. These 
preliminary patterns for sheep seem to suggest a strategy for wool production, with 
considerations for herd security evident as well, these will be discussed in more detail in 
Chapter 8.6. Sheep specimens show clear evidence of standardized butchery patterns and 
techniques as well as cooking methods (Chapter 6.7).    
 Though goats are less common in the assemblage, there are striking differences in 
the basic criteria summarized above for sheep when goat remains are examined. Sex 
estimates suggest a strong bias toward females maintained to adulthood, with males 
almost exclusively slaughtered after the first year. Additionally, goat skeletal portions are 
present in ratios much closer to those found in whole animals, with little bias towards any 
particular portion. Although the sample size for goats is small, these data suggest goats 
may have been reared primarily for milk and that the individuals with which these 
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deposits are associated may have had direct access to personal goats.   
 Inflated MNI values suggest sheep make up a larger portion of the diet than any 
other domesticate, however when meat consumption is investigated taking into account 
the bias towards limb elements and the indirect access model this conclusion is 
significantly challenged (Chapter 6.5). It is clear that due to the acquisition of portions 
of sheep meat, sheep constitute a less significant contribution to diet than pigs in this 
portion of the site assemblage. Though the MNI for sheep is higher than that of pigs, only 
certain portions of these sheep ever make it to the assemblage, and though these are the 
meatiest portions of the hind limb, overall esitmates for meat contribution from sheep are 
far outnumbered by those for pigs. 
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Figure 7.3: Summary of major patterns indicated by the faunal data for Sheep and Goat 
at Mashkan-shapir.  
 
 
7.2.3 Water Buffalo: 
Though water buffalo were present at site, they were very rare. Only two 
specimens were confirmed as belonging to Bubalus bubalis, two phalanges of same 
individual. Due to the deferential treatment that this animal receives in the community of 
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marsh Arabs of southern Iraq today (Hamdan al-Tamimi, et al. 2012; Jassim 2012; 
Ochsenschlager 1995, 2014; Saleh 2012; Thesiger 1954, 2007; Young 2011) and its long 
standing intimate association with marshland peoples in Mesopotamia (Hiltebeitel 1980; 
Ochsenschlager 1995), it is possible that this chance find hints at a more significant water 
buffalo component. One suggestion would be that since water buffalo are often buried 
separately, seldom killed for meat, and treated like family (Ochsenschlager 1995:199, 
201)that they are not likely to be found in trash deposits with other domestic refuse. Just 
as likely, however, the scarcity of water buffalo remains at the site may suggest their 
scarcity at the site in general.  
 
7.2.4 Pigs 
 A summary of the major patterns identified from the analysis of pig remains at the 
site is presented in Figure 8.2.4. As I have already demonstrated, although out-
represented in terms of total MNI by sheep, Pigs make up the majority of the meat 
consumed at the site. In terms of NISP, they outnumber sheep, however, perhaps due to 
the fact that the data suggests pigs are represented at the site by entire skeletons. Direct 
access to pigs is suggested by the presence of entire skeletons at the site, no bias in body 
portions is evident in the assemblage, with a nearly one to one ratio of expected skeletal 
portions for whole animals to the observed ratios at the site. The pig data from the site all 
seem to point to small scale low intensity household pig keeping. Pig butchery methods 
and butchery strategies are haphazard, non-standardized, and suggest low expertise 
butchery. Pig age and sex profiles are highly variable, suggesting slaughter at different 
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ages, and of varying sexes, though a bias does exist towards slaughter of piglets and a 
low proportion of adult males (though higher than expected for any logical form of 
intense pig production) suggesting a very low energy, low intensity, and small scale 
strategy for pig rearing. 
 
Figure 7.4: Summary of major patterns indicated by the faunal data for wild game taxa at 
Mashkan-shapir.  
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This variability also suggests some degree of interbreeding and the presence of feral, 
domestic, wild, and mixed breeds, which is also supported by measurement data of pig 
molars. Additionally, pig chew is the dominant form of animal mediated bone surface 
modification at the site, suggesting pigs had access to domestic refuse either by deliberate 
feeding or scavenging. This phenomenon coupled with the analysis of molar length to 
width ratios suggests a variability in the makeup of the pig population, with most 
individuals falling into the domestic-feral continuum, again supporting a low energy 
intense, perhaps free roaming "street-pig strategy".  
                     
7.2.5: The Domesticated Mammals: A Discussion      
 Much research has been focused on the "Big Three" of Mesopotamian 
domesticate animals, namely cattle, sheep, and goat. Since the early 1990s there has also 
been a steady increase of interest in the role of the pig in the lives of ancient 
Mesopotamians. Sheep, goat, and cattle offer a multitude of primary and secondary 
products (Davis 1993; Ellison 1978; Greenfield 2005; Orton 2014; Potts 1997; Zeder 
1994), and have many uses, including; wool, hair and leather production (Driel-Murray 
2000; Erdogan and Jirousek 2005; Levey 1957; McCorriston 1997; Szarzyńska 2002);  
milk, & dairying (Çakirlar 2012; Greenfield, et al. 1988; Outram and Mulville 2002); 
meat, blood, fat, oils, organs (Kozuh 2010; Lyman 1979; Zeder 1984), entrails, and dung,  
as well as traction and the use for sacrifice and as ritual offerings (Bishop 1936; da 
Nóbrega Alves, et al. 2011; Oates 1980; Sasson 2002; Schwabe 1978; Scurlock 2006; 
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Sherratt 1983) (Table 7.1). These products do not come without a price, however, as 
these taxa require a great investment in time and resources in the form of grazing land, 
fodder, water, and time.         
  
Domesticate                                    Products/Uses 
Cattle beef, veal,  organ meat, entrails, blood,  milk, dairy products, fat, hides, horn, bone, traction, draft animal, manure 
Sheep Wool, skins, mutton, lamb, organ meat, entrails, blood, milk, fats/oils, dairy products, horn, bone, knucklebones, dung 
Goat 
Hair, Skins, chevon, kid meat, organ meat, entrails, blood, milk, 
fats/oils, dairy products, horn, bone, knucklebones, dung, 
landscape/weed management, herd 
Pig pork, organs, entrails, blood, fats'oils, bristles, leather, foraging/rooting, pig latrines 
Table 7.1:  Major domesticated mammals and their common products. 
            
  The management of these Big Three was integral to the welfare of the city's 
economy, and consequentially, a vast amount of literature from ancient Mesopotamia 
exists owing largely to the need to record transactions which involved these valuable 
animals. Pigs, on the other hand, have a more limited list of uses, most of which involve 
slaughter of the animal (David 2006; Englund 1995; Grigson 2007; Nelson 1998; Van 
Koppen 2006; Veldhuis 2006) yet their specific nutritious requirements are far less 
resource intense for the animal keeper.  Pigs are incredibly productive creatures, who 
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apart from rather demanding water needs which increase with size (Figure 7.1.1a-b), can 
survive on a highly variable omnivorous diet and have an almost uncanny ability to 
transform even the poorest of nutritional sources into body mass. This is perhaps most 
evident in the curious use of pigs in traditional "pig latrines" in India, Southeast Asia and 
the Far East (Han 1997:4; Liu and Tai 2013; Nimbalkar, et al. 2009; Seng 2009).  It is 
interesting to note that though linked to porcine diseases from mishandling in the 
developing world, this practice is increasingly employed in the west as a simple and 
sustainable method for converting human waste into energy. Han (1997) describes an 
example of a household in employing this technique:     
 
"One family uses waste from the pigsty instead of cow dung as raw material to 
make biogas. The head of the household installed the tank beside the pigsty. 
There is another pigsty which is also a human toilet. The farmer gathers wastes 
from the first pigsty and puts them in the toilet mixed with straw and grass. Then 
the pig which lives under the toilet treads on the dung and agricultural wastes and  
finally the whole waste turns into good raw material, ready for being put into the 
tank of the biogas plant " (Han 1997:4). 
 
 Pigs do not enjoy the same notoriety in the cuneiform textual record as do their 
bovid cousins. Far from indicating they were not important in the diet and economy of 
ancient Mesopotamia, as pig remains are ubiquitous throughout southern Mesopotamia, 
this absence may be due to the immateriality of pig husbandry practices from the 
perspective of agricultural land and resources. In fact, one of the central assertions of this 
research is that pigs represent a commodity which was reared outside of the purview of 
major landowning institutions and individuals. Not requiring tracts of land for grazing, 
and capable of converting even nutrient poor food into body mass, and a with a capability 
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to produce almost three  litters yearly, they represent a quick, efficient, and cheap way to 
produce food for household consumption. it is likely that pigs were raised at the 
household level as a garden crop. This particular quality of the domestic pig was of such 
cultural relevance to the ancient Mesopotamians, it is reflected in the Old Babylonian sign 
for pig,  šaḫ2 ,  which is a concatenation of the three Sumerian signs:  še ("grain"), a 
("water") and ḫá ("numerous" i.e. in offspring)(Halloran 2006:28)  reflecting its ability to 
turn these commodities into meat. In rural areas within the developing world today in 
fact, pigs can often be treated as semi-feral, free-roaming animals.  
 This phenomenon has been documented in areas where it is common practice 
despite prevalence of porcine diseases and legislature discouraging the practice. 
Ethnographic examples exist from  Kenya (Assana, et al. 2010), Cameroon (Assana, et al. 
2010), Zambia (Phiri, et al. 2002) India (Nunan 2000a, b; Prasad, et al. 2007), The 
Democratic Republic of the Congo (Kanobana, et al. 2011), and several other countries .  
 Traditional pig farmers in these communities prefer the practice for its low energy 
input, lack of spatial constraints, and the relative safety enjoyed by pigs who are less 
likely to fall victim to animal predators. Mutua, et al. (2010) suggests that Kenyan 
villagers "had a special preference for them as they did not get sick easily and had fewer 
enemies than other livestock”. Some families kept pigs for security purposes, adding that 
pigs could guard their homes at night; declaring: “At night a pig is able to differentiate 
between strangers such as a thieves” (Mutua, et al. 2010). 
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Indeed free roaming pig strategies or the use of street pigs prevents a naturally 
sustainable method of pig rearing. This is particularly true in areas where wild pigs are 
native and the local eco-zone allows them to supplement their diet with natural sources of 
food as well as the excess provided by agricultural lands such as fruit orchards or canals 
and waterways as in southern Mesopotamia. Indeed the use of pigs for recycling refuse 
already described in this section adds an additional layer of appeal to this strategy. To 
residents of rural northern India, "Pigs represent a source of cheap protein for certain 
social groups which consume pork, as they rely on low-cost sources of feed – street 
rubbish, waste from hotels and restaurants, soil and vegetation" (Nunan 2000b:438). 
Such a strategy is supported by the Mashkan-shapir data. Though the pig does 
make up a substantial portion of the faunal assemblage, it is not automatically safe to 
assume that calling of free roaming street pigs represented the only method of pig rearing 
at the site. In fact many of the aforementioned studies indicate that even in these rural 
settings worldwide, people practice a variety of strategies. In Pig Keeping in the Tropics,  
Muys and Westenbrink (2004) outline 3 basic types of strategies that small scale pig 
rearing can be practiced in these settings. The first, free range pig keeping, is designed to  
by guarantee the household emergency fall-back funds, While also supplying it with a 
little meat from time to time, without any major investment of time or money. The 
second, semi-intensive pig keeping, describes a system where the animals are housed and 
more attention is paid to their health and feeding. The third, intensive pig keeping, aims 
to producing meat for the market and requires significant inputs of time and money, with 
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careful calculation of the costs and benefits involved. Ways in which these can be 
detected archaeologically are listed in Table 7.2. 
Strategy 
Type Indicators in Faunal Record 
Free-range/ 
scavenging 
pig keeping                    
"Street 
Pigs" 
(1) Samples will indicate diverse skeletal criteria including wild,
domestic and feral types due to gene flow between wild and
domestic.                                                         
(2) Variable age and sex profiles that do not adhere to strict biases
for optimal meat production.
(3) Teeth and bones may indicate stress.
Semi-
intensive 
pig keeping: 
(1) Less diversity of skeletal criteria, population may deviate from
the characteristic wild type criteria (dentition, etc.)
(2) Bias will exist in age and sex profiles indicating most energy
efficient strategy of input/return for domestic need. This may not be 
a strict bias and some diversity may still occur as this strategy is 
subject to household agency, know-how, tradition, etc. 
Intensive 
pig keeping: 
(1) Uniformity in morphometric skeletal criteria, intensive controlled
breeding resulting in desired phenotype only.         
(2) Strict bias in age and sex profiles optimized for
commercial/market gain. (e.g.: males eliminated young, females not 
kept past breeding age, slaughter age optimized for input vs meat 
yield). 
(3) little or no dental or skeletal trauma due to more intense
caretaking and higher food quality.
Table 7.2: Pig rearing strategies in the rural tropics and their zooarchaeological 
correlates. Descriptions taken from Muys and Westenbrink (2004). 
Jeyakumar, et al. (2004) conducted a study of these pig husbandry practices 
among the Nicobari tribes of Nicobar group of Islands in India which took into account 
ethnographic and cultural data, economic data, as well as agroecological data on the 
practice. In Nicobari villages, "the pigs roam freely and may or may not come to the 
residential area and they remain in the forest. Pigs were mainly resting undeneath the 
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tribal‟s hut/ shelter . The Nicobari hut/shelters were made in appropriate height from 
floor (approximately 2-3m) to provide sufficient space for pig to rest and to protect the 
pigs from heavy rainfall" (Jeyakumar, et al. 2004:37).  As proposed for Mashkhan-shapir, 
Nicobari pigs also root in coconut orchards, and are even fed an oily scrapings extracted 
from coconut oil production (Jeyakumar, et al. 2004).  Similar refuse from the production 
of date palm oil is fed to pigs in other parts of the world. Overall strong analogies to 
potential pig husbandry practices at Mashkan-shapir exist from ethnographic sources and 
the results from Chapter 6 will help understand the relationship between people and pigs 
at Mashkan-shapir.  
Perhaps the most practical appeal of the pig as mentioned, is the relatively low 
amount of input of energy required compared to bovids. Figure 7.5 illustrates this point 
by providing data on daily water consumption requirements compared to bovids. Cattle, 
require massive input, not only of food but also of water. Cattle require consistently 
increasing amounts of water as they put on weight, while adult pigs can triple in size 
from 500 to over 1500 pounds and still only require between 4 to 5 gallons daily (Figure 
7.5). A 500 pound cow requiring 6 gallons of water daily, will likely require double that 
amount of water (12 gallons) daily by the time it reaches 1500 pounds. The same efficient 
input of energy versus gain in weight can be seen with daily food requirements as well 
Comparing data from modern farming systems (Figure 7.6) on the daily food 
requirements among sheep, goats, and pigs, it is clear that pigs require the lowest input of 
food to maintain their weight. Sheep exhibit the greatest weight mainenence food 
requirements, while goats fall between these three domesticates. Remarkably, for a pig 
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increasing in weight from 60 to 90 kg, there is no increase in the nearly 500g of digestible 
nutrients it requires to maintain its weight. A sheep, however, will require nearly 3.5 kg 
of digestible nutrients at 60 kg of weight and need over 4kg daily by the time it reaches a 
weight of 90kg itself. The simple conclusion being: pigs are cheap and easy to please. In 
this way, they represented the perfect freedom food. A source of nutrients that did not 
require massive tracts of land or access to large amounts of water. It is important to note, 
that the downside of this thrifty quality of pigs, is that they are poor in nutrients, 
specifically, diverse vitamins and amino acids, when compared to bovids such as sheep 
and goat. However, without a detailed analysis of the dietary contributions provided by 
the botanical portion of the assemblage and other animal sources of meat, I cannot say 
whether this represented a problem for the residents of Mashkan-shapir. It is likely that 
these nutrients were gotten elsewhere.  
Another relevant aspect of pig husbandry is pig behavior, namely, rooting.  
Rooting behavior of pigs, particularly in free roaming groups with access to the sites 
many environs, may also have served a vital function in clearing gardens of weeds and 
aerating the soil around the roots of orchard trees. These peculiarities of pig production 
will be further elaborated on in the discussion chapter, particularly how they relate to a 
heterarchical power structure and sustainability. 
 A final note concerning the major near eastern domesticates at the site is one of 
absence. The major exclusion in the collection from this list of major domesticates are the 
Equidae, which includes horses, onagers, and asses. Archaeological, textual, and 
representational evidence from the ancient Near East as early as the 4th millennium 
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indicate that Equids, particularly the onager and the donkey were very important animals 
used in agriculture, transportation, trade, and ritual (Clutton-Brock 1986; Dyson 1960; 
Limet 1995; Makowski 2014; Molleson and Blondiaux 1994; Nichols and Weber 2006; 
Noble 1969; Oates, et al. 2008; Postgate 1986; Schiffer 1989; Van Koppen 2002; Vila 
2002; Zarins 1978, 1986; Zeder 1986).  
The absence of Equids is echoed by the markedly low proportion of cattle at the 
site. Stone and Zimansky (2004:374) point towards the scarcity of cattle in the 1987 
faunal study of material from site-wide soundings as evidence against the presence of a 
large agricultural hinterland. "If conclusions based on the bones from (the) soundings are 
valid for the site as a whole, the remarkably low levels of cattle might reflect how little 
need there was for oxen to pull plows" (Stone and Zimansky 2004:374).  
Additionally, a shift toward the use of the sites extensive waterways as conduits 
for trade suggests that boats may have replaced the ass as a means of transporting goods 
long distances. This suggestion is also supported by textual and artifactual evidence from 
the 1990 building complex. "Pieces of bitumen impressed with what appear to be the 
ropes and mats associated with bundles, the large number of unbaked clay sealings 
recovered (11) and our one tablet which describes a list of boat shipments, all suggest that 
this area may have been involved in intercity (water-borne) trade."(Stone 2012:73). 
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Figure 7.5: Trends in increasing daily water needs for cattle and pigs with size increase. 
Based on data from Gillespie (2004:423,747) plotted graphically here. 
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Figure 7.6: Relationship of weight class and growth to daily nutritional requirement. 
Indicates efficiency of pigs (red) to convert nutrition into live weight as compared to 
sheep (purple) and goat (green). Based on data compiled from Gillespie (2004:918-931) 
using early weaned lamb data(p.922), medium activity goat data(p .927), and ad libitum 
dry fed swine (p.929).  
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The absence of Equids may also be related to a decreased necessity for animal 
labor. This scenario, if in fact the case, would have widespread ramifications for an 
understanding of the interaction between Mesopotamia's wetlands and the people who 
called her cities home. Curiously, Stone and Zimansky (2004:101-102) uncovered several 
fragments of a terracotta horse statue (Figure 7.7) that stood 14 hands (4'8'') high, 
although equid remains of any kind were absent from the collection.  
Figure 7.7: Fragments of a near life-size (4' 8'' height) terracotta horse statue from 
surface survey at Mashkan-shapir (Stone and Zimansky 2004:101) 
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The trends in the data for the major domesticates discussed in this section will be 
elaborated upon in the next chapter. I would now turn attention towards those less 
familiar wetland and wild species which analysis has shown played a critical role at the 
site, namely fish, wild mammals, birds, reptiles, and invertebrates.   
7.3 Patterns in the Data: The Fish 
Fish make up the third largest portion of the diet at the site, a very close second to 
ovicaprids, essentially contributing equally to the diet at the site. Fish are the most 
abundant taxonomic category at the site in terms of NISP.  Native freshwater carps and 
barbs (Cyprinidae) is the most abundant group of fish, itself very diverse Species of carp 
identified at the site suggest the presence of the very same species valued in Iraq today as 
food fish. Other freshwater species common in the assemblage include Catfish, Shad, 
Mullets, Needlefish, and freshwater eel.  Freshwater species are represented by entire 
skeletons suggesting very little processing of these fish brought to the site and strongly 
supporting the idea of local fishing. Marine, Brackish and salinity-tolerant species are 
also present at the site, the most common of which are the acanthopagrid breams, 
followed by the strictly marine and coastal species of Pompano, Sardinella, and anchovy.  
Pompano, and other strictly marine species (except engraulid anchovies) are represented 
only by post cranial elements, while freshwater carps and catfish are represent by 
complete skeletons.   
Variety of species of fish at the site correlates very well with the available food 
species, suggesting a broad strategy of fishing, using all available sources of edible fish. 
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As these fish come from different habitats and vary wildly in their behavior, this suggests 
the use of a wide variety of fishing techniques as well as a strong working knowledge of 
fish behavior and ecology. This diversity is examined in detail in this section.   
  Many Cyprinid species, though anatomically quite similar have very different 
lifestyles and often require quite diverse fishing methods for capture. Targeting these 
different species would involve completely different methods, evidence also supports 
targeted fishing perhaps in most cases as many indiscriminate net fishing techniques, 
such as dragnets and trawling, would have resulted in a large amount of by-catch, which 
is not visible in the assemblage.        
 Cooking evidence for fish remains is abundant at the site. Evidence from burnt 
fish bone suggest cyprinid fish were split, butterflied and burned over an open high 
intensity flame in a method similar to the Iraqi "Masghouf" grilled fish tradition. This 
method,  a preparation of some cultural significance in modern Iraq, often done along the 
banks of rivers and canals, with freshly caught fish,  further illustrates the cultural value 
of wetland resources to the ancient Mesopotamians. This value is also strengthened at the 
site by the presence of cooked fish remains within burial offering vessels as well as ritual 
deposits containing fish platters particularly in burial contexts. Chapter 8 includes a 
discussion of the relationship of the cooking and preparation techniques of fish at 
Mashkan-shapir and the phenomenon of Masghouf picnics in the Mesopotamian 
tradition.  The fish remains from Mashkan-shapir provide much of the necessary support 
and background for the theories discussed in the upcoming sections of this discussion. 
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Figure 7.8 provides only a summary of the most obvious patterns uncovered for the fish 
remains at Mashkan-shapir by the analysis.  
Figure 7.8: Summary of major patterns indicated by the faunal data for Fish at Mashkan-
shapir.   
The Most 
Abundant 
taxonomic 
category in the 
assemblage Marine, 
Brackish, coastal 
and stenohalen 
taxa present. 
Diverse, long 
distance fish 
resources
Diverse fishing 
knowledge and 
techniques 
practiced at site
dist. data show  
frehswater fish 
are complete, but 
marine fish are 
biased toward 
post cranial 
skeleton
Prepared fish 
dishes present in 
burial contexts
Cyprinidae 
(Carps/Barbels) 
are most 
abundant 
category at:               
64.7 %MNI           
67.7 %NISP
Burning patterns 
suggest carp 
prepared using 
Masghouf fish 
grilling tradition
   
  308 
 
7.3.1 Discussion: Fish Diversity in the Assemblage     
 Fish remains are incredibly abundant at the site, making up 41.4% NISP (1,920 
identifiable fragments) of the collection. Additionally the fish from the site represent 
dozens of species. Though these are largely freshwater, marine and euryhaline species as 
well as those who tolerate significant changes to water salinity, are also present. The 
assemblage includes those fish who spend only a portion of their lives in the fresh and 
brackish inland waters of Mesopotamia as well as those strictly marine species that never 
enter them at all. Among these taxa are included the major commercial and game species 
still common in Iraq today (Table 7.3).       
 Overall the fish taxa present in the assemblage suggest a diverse fishing industry 
at the site, which incorporates different fishing techniques, exploits a variety of habitats, 
and supplies a diverse pallete of edible fish products. Fish are also incredibly common in 
cuneiform texts as early as the 4th millennium. Cuneiform texts spanning three millennia 
have thus far yielded nearly 200 words for fish, as well as tools, recipes, individuals 
involved in fishing and fisheries, and other fish related vocabulary.   
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Common Commercial & Game Fish in Southern Iraq present in The 
Collection 
 
          
                                    Fishes  Common Name  Local Name 
Cy
pr
in
id
ae
 
Mesopotamichthys 
sharpeyi Mesopotamian barbel  bunni   
 Barbus xanthopterus  pike-barbel   kattan   
 Carasobarbus luteus  "barb"   himri   
 Aspius vorax  asp   shilik   
 Cyprinus carpio*  common carp  karp shaeeh 
Luciobarbus esocinus  Tigris "salmon"  mangar   
 Barbus grypus  shabut  shabbout  
Ca
tfi
sh
          
 Mystus pelusius  zugzug catfish  abū-zummayr 
 Silurus triostega  catfish   jirri   
         
O
th
er
 
Mastacembelus 
mastacembelus freshwater eel  Salbūħ-al-siyān 
 Liza Abu   mullet   khishni   
Acanthopagrus berda  goldsilk seabream  sha’m   
Tenualosa ilisha  hilsa shad   śbūr   
              
Table 7.3: A list of common commercial and game fish in southern Iraq and present in 
the Mashkan-shapir assemblage. Entries are shown along with their common and Arabic 
names. Data taken from (al-Taie 2014) 
 
 The descriptive nature of some of the names given to different fish makes it 
possibly to theorize about the species of fish referred to in numerous publications 
including syllabaries, glossaries, and dictionaries as well as works of textual 
interpretation (Black, et al. 2009; Civil 1961; ETCSL 1998; Forde 1967; Foxvog 2008; 
Gordon 1958; Halloran 2006; Kang and Urbana 1972; Langdon 1911, 1923; Leemans 
1960; Potts 2012). Table 7.4 below represents a very small list of fish terminology along 
with published definitions as well as speculation based on the results of this study 
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Term 
Published 
meaning(Halloran 
2006) 
Components Explanation 
ku6              
  
determinative for 
"fish" 
or "of the 
sea/waters" 
None 
Often used 
in 
combination 
with other 
terms to 
denote a 
type of fish,  
suḫurku6 
 
 
giant carp, barbel. 
 
suḫur: beard 
ku6: 
determinative  
for fish or from 
the sea/water 
“bearded 
fish” i.e. 
carp 
   suḫur-maš2ku₆  
 
A type of Car 
 
 
suḫur: beard 
maš:Goat, 
divine offerning  
ku6: 
determinative  
for fish or from 
the sea/water 
Legendary 
Carp, Goat 
Fish, Wise 
Fish?   
gam-gam ku6 
 
 
 
"a type of fish" 
 
 
gam reduplicated 
for meaning 
 
gam: -curved (as 
a shepherds 
crook) bent, 
shriveled 
   -a vulva 
-depth (measure) 
P.stridens 
unlikely, 
Halloran 
relies on 
shaky 
dialectical 
evidence: 
Omani 
“yam-yam” 
 
kunku6     
 
     
 
A type of fish 
kun: Tail, canal 
outlet 
alternate sign 
ku6: 
determinative  
for fish or from 
the sea/water 
“Long tailed 
Fish” 
 
Table 7.4: Some Akkadian terms for fish and possible links to common Iraqi species. 
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.  
   
7.3.2 Cyprinidae: The Carps and Barbs      
 The Cyprinidae are among the most diverse families of fish.  represented by 369 
Genera and 3,018 species  documented on  Fishbase (Froese and Pauly 2000). Coad 
(2010:269-270) lists thirty-seven species of Cyprinid fish in Iraqi waters.  A sizeable 
portion of these species of carp are, however, either inedible, tiny, or newly introduced 
into the region and therefore are not likely to have formed part of the Mesopotamian diet. 
This leaves about a dozen cyprinids who are native to Iraq and edible based on taste, 
quality, and size (defined for this study as fish whose adults attain a maximum of at least 
size class 1: TLMIN=26.7 cm.; TWMIN=146 g.), which are also readily distinguishable 
from one another given the skeletal material provided.  Of this subset, eight species of 
carp were identified specifically in the assemblage while the overwhelming majority of 
the Cyprinid assemblage was identified either by size class as outlined in Chapter 5 or by 
size category where possible for non-vertebral elements     
 As is immediately evident, the Cyprinidae are highly variable by size.  One of the 
aims outlined in Chapter 5 was to be able to fit the skeletal remains into a spectrum by 
vertebral size class in order to assist with identification.  The collection, however, once 
again proved surprising in terms of the preservation of cranial and mouth parts, which 
although rarely complete, serve to finally provide a "face" to the unidentifiable yet highly 
varied species composition suggested by the vertebrae.    
 Though only seven species (Figure 7.9) were specifically identified using the 
identification rubrics followed in this study, hundreds of Cyprinid remains were 
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categorized into the size class system outlined in Chapter 5 or placed in descriptive 
categories based on their size. Cyprinidae are the most diverse vertebrate species in Iraq, 
and their lifestyles, breeding behavior, diet, and their morphology are also highly varied. 
Cyprinidae generally include the carps and barbels. They are almost exclusively fresh 
water fish but have a high tolerance for varying salt level as well as a reasonable 
tolerance for alkaline and acidic waters. This unique tolerance allows them to adapt to a 
variety of environments and makes them ideal for the southern Mesopotamian alluvium. 
In  a zone where the constant shifts in volume, course, water solute composition, speed, 
coupled with human modification vis-á-vis the digging of canals, ditches,  levees, and 
irrigation channels  would wreak havoc on many animal species, the Cyprinidae of Iraq 
have shown to be resilient, As this study will show, there appears to be very little change 
in the carp composition of Iraqi waters since the Old Babylonian period despite these 
processes as well as the continued collection of these fish for food. It is, in effect, a 
triumph of sustainable wetlands exploitation, owing much to the adaptability of the 
regions biodiversity, of which the Cyprinidae appear to be the standard bearers. That is, 
of course, until the 1990s and the devastation visited upon Iraq's wetlands at the hands of 
the Saddam Hussein regime. These ideas will be elaborated upon in the next chapter.  Let 
us, however, examine the diversity inherent in the Cyprinid assemblage from Mashkan-
shapir.           
 Worldwide, Cyprinids are overwhelmingly and almost exclusively freshwater 
fish, though their adaptability to various salinities does provide some variation. In Iraq, 
all species are confined to freshwater and moderately saline waters of the Tigris and 
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Euphrates and their tributaries, lakes, streams, and canals. The only exception is the 
medium sized C. luteus, which has been recorded in the northernmost region of the 
Arabian Gulf and other coastal regions. Their diets are also variable and the group 
consists  largely of omnivores, opportunistic scavengers and detritivores, as well as 
herbivores (Coad 2010).  Most species of game fish and commercially relevant fish 
identified in the collection spawn in the middle to late spring from April to May. Notable 
exceptions include the massive B. esocinus which spawns  from February to March to the 
small yet ubiquitous B. luteus whose spawning season is highly variable and can extend 
from april to july (Coad 2010). Spawning behavior and timing have also been shown to 
be greatly affected by salinity levels for all the species found (Al‐Hakim and Al‐Mehdi 
1981; Al Hazzaa and Hussein 2003; Al Mukhtar, et al. 2006; Coad 2009, 2010; 
Fishelson, et al. 1996; Jasim 1988; Jawad 2003; Mohamed, et al. 2008; Nasir 2006; 
OymAk, et al. 2008; Wright 1988).       
 In addition to size and spawning behavior, consideration of habitat and migratory 
behavior are also very relevant when attempting to recreate patterns of sustainable 
fishing. Carp have incredibly diverse behavior and therefore require diverse fishing 
methods, tools, and strategies based on their species. This type of traditional knowledge 
is relevant for marshland groups in Iraq today, and the presence of these species in the 
archaeological record suggests this knowledge was also important to the ancient 
inhabitants of the site. Perhaps the most relevant background information that must be 
considered before a discussion of the results from the study, is the socio-cultural role that 
the Cyprinidae and fish in general, fill in Southern Iraq.  A role, I will argue, that has 
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remained unchanged for nearly seven millennia.  The role of fish and fishing in the lives 
of the ancient Mesopotamian's modern descendants is one that is highly relevant to the 
current study.  The Iraqi cyprinids constitute a major portion of the diet of modern Marsh 
Arab communities.  
  
Figure 7.9: Cyprinid fish identified in the Mashkan-shapir ichthyofaunal assemblage. 
Anatomical drawings taken with permission from Coad (2010:86-138). Measurement 
estimates for maximum length (*indicates tentative sizes based on limited 
specimens/data) taken from Fishbase (2015a) and Coad (2010).               
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 These fish are a link to the traditional Iraqi lifestyle, particularly in Southern Iraq, 
where grilling fish along the riverbanks is a cherished national pastime. The traditional 
Iraqi dish "Masghouf", which is considered the national dish of Iraq, is a poigniant 
example of the longevity of this cultural link. The fish used, traditionally almost always is 
a variety of Cyprinid. The dish is prepared in steps, the first of which involves the 
splitting and butterflying of the fish (Figure 7.10). At which point the fish is then cooked 
directly over an open flame, sometimes using date or other wood to build a framework, 
other times directly over the flame . The preparation and eating of this dish is a popular 
cultural pastime in Iraq. "Masgouf is, more often than not, a picnic treat, which requires a 
certain skill. In the summertime, particularly on moonlit nights, picnickers make huge 
campfires along the banks of the Tigris, or on the many small islands, known as 
jazra"(Nasrallah 2003:370).  In Delights from the Garden of Eden (Nasrallah 2003): 
Middle East culinary historian Nawal Nassralah describes the evolution of this dish and 
presuming its roots in ancient Mesopotamia through documented evidence of the dish and 
its importance in the middle ages and modern era. Therein she assumes the practice of 
this cultural tradition citing cuneiform accounts of "fish licked/touched by fire" and "fish 
placed upon the flame" (Nasrallah 2003:370). As I have shown, terms for describing fish 
are numerous in the cuneiform record, and these terms do indeed appear among them. 
Old Babylonian lexical texts (CDLI 2015ff-b) from Ur mention "fish touched by fire"( izi 
tag-gaku6) and "fire fish" (iziku6; Akk: nunni išati).     
 Nassralah's (2003) assumption, is characteristic of the general opinion of most 
Iraqis, particularly among Iraq's marsh Arabs, that this practice has been going on since 
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ancient times (Abdulamir al-Hamdani, personal communication 2012). Indeed, I will 
argue, that archaeological evidence does indeed support the presence of this tradition in 
ancient times.  It has already been suggested that fish remains by D’Agostino, et al. 
(2013) excavated at Abu Tbeirah in 2013, represent evidence of this practice. 
 
                 
Figure 7.10: Traditionally prepared Masghouf dish prepared using Shabbout fish (Barbus 
grypus). This dish was served to members of the Tell Sakhariyah (January 2012) 
excavation team  by Nature Iraq,  Chibaish office. Photo by Demetrios Brellas. 
 
 This link, however, relies, largely on the discovery of an in-situ fish skeleton on a 
ceramic platter. In fact, this discovery is not a novel one, and has also been reported at 
Ur, Sippar, Eridu, as well as Mashkan-shapir. I will argue, however, that these finds, do 
indeed support the cultural tradition of fish grilling based on information of the burning 
of fish remains, as well as archaeological context. It also must be noted that many of 
these "fish platters" as I will show in Chapter 8, were associated with burial or votive 
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offering deposits, further stressing the cultural relevance of this tradition.  These fish 
continue to be important even in today's Iraq, where they serve as symbols and cultural 
links to a more simple past (Figure7.11) It also must be noted that with the incursion of 
alien carp species, such as the common carp (Cyprinus carpio) and koi, or goldfish 
(Carassius auratus),  as well as the draining of the Marshes under the Saddam regime  in 
the 1990s, many species of cyprinids, once abundant, are now very rare.  The range of 
many of these fish is now highly limited, restricted, or unknown. Indeed common carp is 
often the fish currently used for Masghouf today.  
       
Figure 7.11: Most Commonly eaten Cyprinid fish in Iraq commemorated on national 
postage stamps (a) Barbus grypus, (b)Barbus esocinus, (c) Barbus xanthopterus, (d) 
Mesopotamichthys sharpeyi 
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7.3.3 Siluriformes: The Catfish       
 Catfish are the second largest group of fishes in the Mashkan-shapir collection. 
These represent the genus Siluridae and the genus Bagridae. Given the low diversity of 
Catfish in Iraq, coupled with the relative ease (as compared to the Cyprinids) with which 
these two groups can be separated by their morphology, there is much less guesswork 
involved in assessing their contribution to the sites economy. As I will show in the next 
chapter, Catfish are also very common in southern Mesopotamian assemblages having 
already been identified in several contemporary sites from the north as well as earlier and 
later sites that are part of the same hydrological system. Silurus triostegus 
(Genus=Siluridae), a catfish found in almost all aquatic habitat types in Iraq including 
open and vegetated lakes, marshes, rivers, and reservoirs (Coad 2010:218) as well as 
canals and irrigation ditches . It is the most abundant non-cyprinid fish taxon at the site.  
S. triostega is a demersal, largely predatory fish, which can reach lengths of 88cm. for 
males and 99 cm. for female, though it is more commonly found to measure between 40-
70 cm (Oymak, et al. 2001). In a study of S. triostegus in Southeastern Turkey, Oymak, et 
al. (2001)commonly recorded individual fish weighing over 1.5 kg and found the largest 
individuals to weigh more than 8kg, though rare . This species is incredibly abundant in 
Iraq, forming "8.5% of the total catch (of fish) in Iraq, the total catch in 1976 being 691 
tonnes, but it is not a popular food. As a scaleless fish, it is not eaten by Shi’a 
Muslims"(Coad 2010:219).  Though taboos against eating certain fish were not 
uncommon throughout many periods, this does not seem to have been the case with S. 
triostegus. The only reference I was able to find in a brief search of the cuneiform 
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literature to fish matching the description provided for  S. triostega, comes from lines 96 
to 102 of the fragmentary Akkadian literary composition House of the Fish: 
               
"With a head like a small millstone…a dog's head. . . the fish who does not eat the … 
plants, …, my ĝir-gid fish: may he also enter with you, my fish! With the noise of his 
entrails …, my gir fish..”  (Black, et al. 1998–2006).   
           
 These lines, though fragmentary, point to the peculiar shape of this catfishes head, 
and provide a possible allusion to its nature as a predator. Curiously, a ĝir-gid/ gir fish 
suggests a pronunciation of the original sumerogram similar to the fishes Iraqi name girri 
such a link is highly speculative, however and would require analysis by researchers who 
unlike myself, have a more extensive knowledge of cuneiform and Mesopotamian 
languages.  What is clear, however, is that Silurus triostegus remains a significant part of 
the native fish assemblage.         
 The second species of catfish, Mystus pelusius, belongs to the genus Bagridae. 
Compared with S. triostegus it is diminutive in size, reaching only 22.9 cm. in total 
length (Coad 2010:226). As with triostegus, it is also not eaten based on Islamic food 
prohibitions.  Unlike triostegus, however, whose size and high protein content  supplies a 
yearly 40-50 tons to Lebanon where it is used to produce protein concentrate (Coad 
2010:227), M. pelusius has virtually no economic importance in the area. Nonetheless, in 
the absence of religious taboos in ancient Mashkan-shapir, it clearly was consumed, 
though its dietary contribution is negligible compared to triostegus. 
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Figure 7.12: Siluriform fish from Mashkan-shapir. Images taken from (Coad 2010:225-
228) 
 
7.3.4 Order Clupeiformes: Shad, Sardinella, and Anchovy  
 After the Carp and Catfish, the most abundant fish taxa are members of the 
families Clupeidae (Figure 7.13). The Clupeid fish in the assemblage are represented by 
the euryhaline hilsa shad (Tenualosa ilisha), and the largely marine Sardinella 
(Sardinella sindensis). Together with the family Engraulidae represented by the strictly 
marine coastal anchovy (Thryssa sp.), which is discussed in the subsequent sub-section, 
these fish are members of the order Clupeiformes. Clupeiform fish, which include; 
herring, shad, sardines, hilsa, and menhadens, are known throughout history (Grainger ; 
Iddison 1998; Locker 2000; Neer, et al. 2013; Van Neer, et al. 2004) as ideal candidates 
for preservation by drying, salting, boiling, and pickling.  This is partially due to the soft 
nature of their fins, a general lack of spines, as well as a high natural salt and fat content 
making them ideal for preservation by various methods, particularly drying and pickling. 
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Traditional canning of Clupeid fish is widespread in many areas today, including the Gulf 
(Donaldson 1980; El-Mahi 2000)The Family Clupeidae is represented by one Genus; 
Tenualosa. One species was identified consistently based on the skeletal material, the 
hilsa shad , Tenualosa ilisha, known locally as sbour.     
 Coad (2010:82-85) provides a detailed background for Tenualosa ilisha. Spending 
the fall and winter in coastal marine waters along the northern gulf,  they migrate 
upstream entering the Mesopotamian system in separate male and female migratory 
groups via the Shatt al-Arab in march. From there they proceed upstream into the 
southern and central marshes as well as the Tigris and Euphrates, spawning in less 
turbulent tributaries and offshoots of the system. In the late summer and autumn (August 
through November) to the coastal waters they originated from, joined by matured 
juveniles from previous seasons. Coad (2010:82-85) provides critical data on their  
morphology  which assisted in their identification, as well as their tremendous economic 
importance. Adult males can reach up to .43cm long and .68 kg in weight for females and 
60.6 cm in length and 2.49 kg in weight for males. "This species forms the most 
important commercial fishery in the Basra region of southern Iraq, average catches being 
491, 320 and 268 tons in 1977, 1978, and 1979 respectively" (Coad 2010:85). Fishing 
season for this fish begins in April where fish are trapped with nets as they begin their 
spawning migration through the Shatt al-Arab, and ends in August after the return 
migration (Coad 2010:85). Its meat, is a sought after commodity and it was, until the 
draining of the marshes in the 1990s, one of Iraq’s most financially productive fishes, 
selling for between USD $1.40- $1.70 per kg  (Coad 2010:85).   
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 The other members of Clupeiformes identified, the Sardinella (Sardinella 
sindensis) and the Anchovy (Thryssa sp.) are rare at the site, but present in various 
contexts, implying some degree of importance.  The anchovies of the genus Thryssa are 
pelagic fish, found in coastal waters, sometimes entering estuaries, though information on 
freshwater habitats is not well understood (Coad 2010:75). Two species are recognized in 
Iraq, T. hamiltonii and T. whiteheadi, due to the remarkable physical similarities of these 
two species (Figure 7.13), identification even when presented with live fish is quite 
difficult. I was unable to get any more specific with this identification. In fact, given the 
tiny nature of most of these remains, a hand lens and low powered microscope was 
necessary to make note of specific bone landmarks. Thryssa specimens from the 
collection all fit into the "tiny" size group corresponding to verterbral size classes -2 and -
1 (max TL: 15.3 cm.) , though Coad (2010:75-78) reports maximum sizes as 22.5 and 
15.8 cm for T. hamiltonii and T. whiteheadi, respectively. Though small, this species is of 
some economic importance in Iraq today, and is " Caught throughout its range with 
seines, gillnets and trawls in shallow waters and marketed fresh or dried and salted, 
mostly as fishmeal"(Coad 2010:77).  The least common member of Clupeiformes at the 
site, Sardinella sindensis, (Whitehead, et al. 1988) is also quite small, averaging 14 cm. 
and attaining a maximum length of only 17 cm. Identifications of the remains of this 
species posed a similair problem as did those of Thryssa. Fragments of a near complete 
caudal portion and an assortment of vertebrae and highly fragmentary head parts allowed 
a reasonably secure identification of at least 3 individuals. Unlike Thryssa,  S. sindensis 
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is a strictly marine pelagic species and Forms schools in coastal waters. (These fish are) 
Marketed fresh and dried (or) salted (Whitehead, et al. 1988) much like the anchovy. 
Figure 7.13: Clupeiform fish from the Mashkan-shapir collection. 
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7.3.5 Mugilidae: The Mullets 
  Mullets, members of the family Mugilidae, specifically the genus Liza also form a 
significant portion of the fish assemblage at the site. The mullets of the genus Liza, 
primarily Liza abu, are currently the most common fish in catches from middle and lower 
Mesopotamia (Najah Hussain, personal communication 2015).  The Mugilidae, also 
known as grey mullets, is a diverse family, yet only one freshwater species, Liza abu, 
referred to locally as 'Khishni' is native to Iraq (Coad 2010:228). Liza abu reaches a 
maximum length of 26 cm (TL) and a weight (TW) of 0.15 kg. The results of various 
ecological studies report a species present in virtually all aquatic environments of Iraq, 
including the marine northern gulf region, Shatt al-Arab, Tigris, Euphrates, Marshes,  
tributaries, streams, lakes, reservoirs, drains, canals, ponds, ditches, and irrigation 
channels (Al Nasiri, et al. 1977; Coad 2010; Daham 1982; Jawad).    
 This species, though small, comparable in length and weight to the S. sindensis 
and Thryssa sp., Though primarilly a detritivore, feeding on organic detritus while 
filtering sediment, it also consumes plankton, plant macro-materials, as well as some 
insects and zooplankton (Coad 2010:232). Its spawning an migratory behavior is just as 
varied, as Coad (2010:233) reports several regional spawning cycles, in some cases 
where spawning occurred more than once, encompassing overall a period of nearly 10 
months, where the only months spawning was not shown to occur were September and 
October. L. abu, behind only to the Cyprinid fish, formed a substantial component of the 
yearly fish catch. An important food fish in southern Iraq with 212,850 kg marketed at 
Basrah from October 1975 to June 1977. It forms about 29% of the total 
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annual catches of freshwater f shes in southern Iraq and about 7.4% of the total annual 
catch for the whole country despite its small individual size.  
                
7.3.6  Perciformes: Breams, Porgies, and Pompanos    
 Perhaps the most interesting of the fish remains in terms of aquatic resource 
acquisition at the site are those of the order Perciformes. Two families in this order are 
represent at the site; Sparidae and Carangidae. It is the Sparidae which offer the most 
puzzling evidence. This family which includes fish much sought after for their taste, the 
porgies and breams. Thought typically associated with a marine environment, Iraqi 
waters boast Sparid species which either spend a significant portion of their lives in 
freshwater or temporarily enter freshwater and estuarine environments. Meadow (1990) 
reporting on the fauna from the 1987 field season at Mashkan-shapir noted the presence 
of Sparid remains at the site as an indicator of marine resource exploitation. Nearly 25 
years later, after significant ichthyological research (Abu‐Hakima 1984; Al-Daham and 
Yousif 1990; Coad 2010; Hussain, et al. 2009; Hussain, et al. 2013; Jawad 2012; Khalaf 
1961; Mahdi 1962; Mohamed, et al. 2009; Nasiri and Hoda 1976; Siddeek, et al. 1999) it 
is clear that the ichthyofauna of Iraq offer many surprises to the researcher, and that 
exceptions to long held beliefs are quite common.  This is certainly the case with the 
Sparid remains for which species identification was possible within the collection. 
Sparids were represented overwhelmingly by vertebral elements and spines, a pattern 
whose relevance will be discussed further in the next chapter. As it applies to the current 
discussion, it made it quite difficult if not impossible distinguish between species of 
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sparid at the site. In rare instances where identifiable elements (namely dentition) were 
present to the level of genus, Acanthopagrus presented the most accurate identification 
(Table 7.cc). The identity of the Iraqi acanthopagrid is a matter of some debate. Coad 
(2010:262-265) supports an identification of  Acanthopagrus latus, while eslewhere it has 
been classified as Acanthopagrus berda. Owning to the fact that (Coad 2010) represents a 
recent and extensive analysis of the fish populations of Iraq,  this idea may be more 
likely. However, I refer the the sparid material from Mashkan-shapir as Acanthopagrus 
sp., and hope that further identification and analysis may at some point allow a more 
specific identification. This fish is incredibly diverse in its tolerance of variable salinity 
and its mating habits. Many individuals may spend their entire lives in a coastal marine 
environment, yet others, particularly younger fish will enter the Tigris-Euphrates system 
through coastal inlets and have been found in the central marshes, rivers, estuaries, and 
larger canals (Coad 2010:263-264). Additionally, it is among the most prized and 
economically relevant species of Iraqi fish. "(It is) a good food fish seen in bazaars along 
the Arabian Gulf coast and in the Shatt al Arab River. It was selling at U.S.$3.5-5.5 per 
kg in Kuwait about 1980, with 213 tons landed in 1995 for a value of 
U.S.$1,769,407"(Coad 2010:265). Given the habitat variability of this species, it may not 
be an clear an indicator of marine fishing, though size and age of fish found in the 
collection will be considered when investigation this possibility in chapter 8. 
 A much more definitive picture of marine fish acquisition is provided by the 
presence, albeit quite rare, of Perciform fish in the family Carangidae. Identified by 
several intensely burned elements, primarily vertebrae from a single context. These 
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remains were identified at members of the family Trachinotus, consisting of the 
Pompanos. Three species of Pompanos (Trachinotus sp.) are currently native to Iraq 
(Froese and Pauly 2015).  The snubnose pompano, (Trachinotus blochii) and the small 
spotted dart (Trachinotus bailonii. The snubnose, which has been recorded to reach a 
maximum length of 110 cm. and a weight of up to 3.4 kg. Exceptionally high in protein, 
pompano is also a very desirable fish for the flavor of its meat and its low saturated fat 
content (citation). Most importantly, however, the presence of the remains of this fish, a 
largely marine species common throughout the Pacific and Indian oceans, that hints at 
some sort of long distance fish trade.       
 As provided by the skeletal part distribution patterns in Chapter 6, this and all 
marine fish with the exception of sardinella sindensis and thryssa sps., perhaps due to 
their size and alternative methods of preservation (See Chapter 8 Figure 8.6.4), were only 
represented by post cranial elements.  As with the other groups of fish in this section I 
have discussed their geography, biology, and economic importance in some detail. What 
will be obvious, as soon as I begin to address the models in the following chapter, is that 
fishing for these taxa required massive amounts of traditional knowledge, and this 
knowledge formed the cornerstone of the fishing industry at Mashkan-shapir.  
             
7.3.7: Other Fish Taxa:         
 Less common species of fish but worth noting here for their presence are the 
freshwater eel, Mastacembelus mastacembelus, the needlefish (also freshwater) 
Strongylura strongylura, and the marine Barracuda jello. Though the needlefish, and 
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freshwater eel (Figure 7.14) can reach an edible size each averaging about 12 cm, it is 
unclear as to whether these are the remains of stomach contents of larger fish or fish 
eaten at the site. I suspect that the latter may be the case for the eel and needlefish at 
Mashkan-shapir. This conclusion is based on the observation that these fauna where 
identified are very poorly preserved, and although there are specimens from the entire 
skeleton, as is the case with all freshwater taxa,  there is seldom more than one or two 
skeletal elements identified within the same context. Most interesting among these is the 
Barracuda. This species although common in the marine zone off the coast of the Persian 
Gulf and Indian ocean, is strictly marine and suggests long distance fish trade, as 
suggested by the presence of the snubnose pompano.  
      
    
 
    
              
Figure 7.14: Other freshwater fish taxa from the assemblage. (A) Needlefish 
(Strongylura strongylura) and (B) Freshwater Eeel Mastacembelus mastacembelus.  
10 cm 
10 cm 
(A) 
(B) 
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7.4 Patterns in the Data: Waterfowl and Birds 
Ducks are the most abundant taxonomic group with at least 3 identified (all 
dabbling ducks) to species; the Eurasian teal (Anas crecca), the Eurasian widgeon (Anas 
penelope), and the mallard (Anas platyrhynchos).  However, remains of large, medium, 
and small ducks unidentifiable to species were very common at site. The coot, (Fulica 
atra) represents the second most common taxon. Coots are also present in complete or 
partially articulated form in offering vessels from the special features contexts at the site 
A variety of other waterfowl are present at the site, including geese, swan, cormorant, 
heron, and flamingo. This diversity supports the conclusions reached for fish, that a 
diverse and opportunistic hunting/fishing strategy was followed and implies a vast 
hunting knowledge. Some of the most obvious patterns in the remains of waterfowl at the 
site are summarized in Figure 7.15.        
 The data indicate that this strategy was very opportunistic, focus on dabbling 
ducks (Anatinae) that would have fed closer to human settlements and in the shallower 
water of canals, streams and muddy river-banks. Burning evidence and cut mark evidence 
prove that these animals were indeed consumed.  Burning evidence suggests roasting of 
birds over fire as well as boiling of remains for prolonged periods. Unique evidence of 
hunting as well as food preparation behavior is recorded in the avian faunal data. For 
example, the complete lack of cranial material for all birds suggests dressing of bird 
catches off site, with headless birds brought back for cooking. 
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Figure 7.15: Summary of major patterns indicated by the faunal data for waterfowl at 
Mashkan-shapir.  
 
Haphazard repetitive butchery marks are very common on the remains of large 
anseriform birds as well as smaller waterfowl, particularly along the lower limbs, 
designed for removing the feet.  Vessels containing bird parts and other animal parts with 
evidence of bone warping and density loss due to boiling also supports the prevalence of 
"stew culture" cuisine at the site. Remains of cooked fish in combination with waterfowl 
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present in vessel contents at the site. The diversity of cooking and food preparation 
techniques evident for the fauna at Mashkan-shapir will form a large part of the 
discussion in subsequent sections of this chapter.      
 In chapter 8, I will explore the cooking and food preparation evidence from the 
site attempting to establish a link between the remains of these traditional meals of 
marshland peoples with the actual fishers and birders themselves. In doing so I identify 
an otherwise invisible component of the sites heterarchy and examine the crucial role 
they play in sustaining the settlement.         
 Numerous species of birds were identified in the assemblage. The largest group 
consisted of waterfowl. Waterfowl in the Anseriformes (Ducks, Geese, & Swans) have 
been identified at Mashkanshapir. The most abundant species in the collection are the 
ducks, teals, & wigeons (Anatinae), and the coots (Rallidae).  Other waterfowl, such as 
the cormorants (Phalacrocoracidae), Herons & Egrets (Ardeidae) are also present. 
Mesopotamian texts mention birds, birding, distribution of birds for royal meals, and in 
some instances provide values for certain quantities of birds, particularly ducks, in trade 
                
7.4.1 Anseriformes: Ducks, Geese, and Swans     
 The avian assemblage is dominated by small and medium sized ducks and coots. 
A similar pattern demonstrated by Meadow (1990), where 3 different size categories of 
Ducks (Anatinae) could be identified by partial bird remains. Figure 7.16 provides a list 
of ducks for the region today as well as their location and their presence or absence in the 
Mashkan-shapir assemblage.  
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Eurasian Wigeon Anas penelope Med. √ Dabbling 
Common Pochard Aythya farina Med.  Diving 
Eurasian Teal Anas crecca Small √ Dabbling 
Ferruginous Duck Aythya nyroca Med.  Diving 
Gadwall Anas strepera Med.  Dabbling 
Garganey Anas querquedula Small  Dabbling 
Mallard Anas platyrhynchos Large √ Dabbling 
Marbled Teal Marmaronitta angustirostris Small  Dabbling 
Northern Pintail Anas acuta Large  Dabbling 
Northern Shoveler Anas clypeata Small  Dabbling 
Red-crested Pochard Netta rufina Large  Diving 
(B) 
Figure 7.16: Duck species recorded in Dalmaj basin (B) and their location (A) adapted 
from (Abed, et al. 2014). 
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 Using comparative material and size data for local species of ducks, of which 
there are quite a few, the most likely candidates identified, as suggested by Meadow, are 
the Eurasian teal, Anas crecca (small duck), Eurasian wigeon, Anas penelope, (medium-
small duck), Mallard, Anas platyrhynchos (medium-large duck). Though several similarly 
sized species may also be represented by birds placed solely into a duck size category. 
Additionally, given the similarities in skeletal features of species in these size categories, 
birds identified by a small number of parts to species, misidentification of related species 
is also likely. Complete skeletons of Eurasian wigeon,  Eurasian teal, domestic duck, and 
wild mallard were consulted for this identification. Comparative material also included 
digital images of partial skeletons of northern shoveler and northern pintail.  
                
7.4.2  Rallidae: Rails, Coots, Crakes 
  The most commonly identified individual species of waterfowl at the site which did not 
belong to the Anseriform birds (Ducks, Geese, Screamers), was the Eurasian Coot (Fulica 
atra), known for its various nest building techniques, which including floating nests 
(Figure 7.17), it is one of the most common waterfowl species in wetlands from Northern 
Europe to East Asia. "...the species roosts at sunset on small islets, mudbanks, sandbanks, 
rocks in water, floating mats of vegetation, floating logs, or branches of trees over water, 
preferring to roost on open water, in shore vegetation or in meadows adjacent to water if 
in flocks" (Taylor and Perlo 1999). A brief review of Halloran (2006) identifies a 
possible translation for this bird, based on its behavior when treading water.  Taking a 
running start and essentially "walking on water" as they take off, the translation of  a-
rá-bumušen ( ) as ('water' + 'to go [plural]' + 'to pull, tear out') (Halloran 2006), 
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may suggest an ancient name for this bird, though certainly a more in-depth literary 
analysis would be necessary, as this may also refer to one of the diving ducks known for 
the region, such as, the common pochard (Aythya farina), red-crested pochard (Netta 
rufina), or the ferruginous duck (Aythya nyroca). Not only were remains of coot found 
individually or in small quantities throughout the site's contexts, entire or partial 
skeletons of animals (Figure 7.18), as well as examples of burned remains were 
uncovered. Indeed, as the results in Chapter 6 suggest, it is the species for which the best 
evidence of human processing is supported at the site.  
 
 
Figure 7.17: Eurasian Coot (Fulica atra) roosting on floating nest. (Public domain image 
from Wikimedia commons) 
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Figure 7.18: Complete skeleton of Eurasian Coot, Fulica atra from coot soup vessel 
feature. Photo by Demetrios Brellas.        
                  
            
                   
7.4.3 Other Waterfowl and Birds 
       More uncommon waterfowl species identified at the site include, some examples of 
Geese (Anserinae), Cormorants (Phalacrocoracidae), Western Reef Heron (Egretta 
gularis), the Squacco Heron (Ardeola Ralloides), and Common Flamingo 
(Phoenicopterus roseus). Two possible specimens belonging to a large Swan (Cygnus 
sp.) were also identified among the bird remains. A nearly complete keel and distal wing 
elements of a small Colombid, such as a pidgeon or dove; as well as fragments of a 
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tibiotarsus identified as a kestrel-sized Falconid were also recovered.  Of these, the 
Cormorant, likely Phalacrocorax pygmaeus which is most common in Southern 
Mesopotamia (Hussain 2015p.c.), is the most abundant. The presence of cut marks 
indicated in Chapter 6.X.X, on the cormorant skeletal material, suggests that these were 
consumed. The species is still widely consumed and currently threatened in the region,  
due to overhunting (Balmaki and Barati 2006). It is interesting to note the curious 
practice of "Cormorant Fishing", in the Balkans and East Asia, where these fish are 
essentially tethered to fishing boats by their necks, restricting the act of swallowing and 
allowing fishermen to divulge captured fish from their throats, while eventually 
rewarding them with smaller unwanted fish or fish parts (Jouy 1888; Laufer 1931; Mason 
1987). Though this practice is not documented in Mesopotamia, given the diverse fishing 
practices practiced by the Modern Ma'dan outlined in Jawad (2004), many of which 
involve, fire, trapping, poison, and barehanded capture of fish, as well as traditional 
methods involving hooks, nets, and harpoons, it is not a far stretch to imagine that this 
method may perhaps have been applied in Mesopotamia.  
                   
7.5 Wild Game         
 Wild game at the site consists of over a dozen different types of animals, which 
occupy different ecological niches, have completely different behavior, and require very 
diverse hunting methods.  These include gazelle, deer, wild boar, hares, tortoises, turtles, 
and possibly small mammals.  As I have shown for fish and waterfowl remains at the site, 
data for wild game also suggest a wealth of traditional knowledge about the local 
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ecosystem, which seems to form a critical component of the social organization of the 
site. Despite being citizens of “one of the most important urban centers of the time” 
(Stone and Zimansky 1995:61), the connection to and knowledge of the surrounding 
ecology and its management was an essential part of everyday life. Some of the major 
patterns supported by the faunal data concerning wild game are summarized in Figure 
7.21.           
 The hunting and consumption of Roe Deer, Fallow Deer, and Gazelle in 
Mesopotamian Bronze age site has been well documented. Though present in 
comparatively small quantities next to domestic bovids and suids at the site, the gazelle 
specimens from the assemblage show clear signs of human processing in the form of cut 
marks. Remains of gazelle have been identified at Abu Salabikh (Postgate 1978), 
Haradum (Kepinski-Lecomte 1992), Nippur (Boessneck 1978). Calendrical texts from 
Puzrish Dagan (Drehem) indicate a "Month of the Eating of Gazelle" in the Ur III period 
(Ellison 1981; Legrain and des Hautes Études 1912). References to the hunting of gazelle 
can also be found in texts from the Old Babylonian Period (Marriage of Martu, Shulgi-
D)(CDLI 2014ff-a, b, 2015ff-a). The Goitered, or Persian Gazelle (Gazella 
subgutturosa), currently listed as a vulnerable species in Southern Iraq (Freyhof 2015), 
has traditionally been the most common species in the area. Along with the Saudi gazelle, 
(Gazella saudiya), which is thought to have completely disappeared in Southern Iraq in 
the last decade, it is currently suffering from over-hunting, trapping, and the exotic pet 
trade in the area (Al-Sheikhly 2012).        
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7.5.1 Roe Deer, Fallow Deer, & Gazelle:       
 Wild animals of this type form only a small sample of the food remains at the site, 
and hunting was likely a supplementary opportunistic activity. However, the diversity in 
the types of animals hunted, each requiring a specific hunting strategy is very significant.  
These three taxa, which frequent different habitats from other wild sources of food 
(waterfowl, fish, etc) also lend steam to the notion of Mashkan-shapirites having a broad 
traditional knowledge of all the various components of their diverse ecosystem, taking 
advantage of the various niches as alternate sources of energy/revenue.  Evidence from 
butchery and burning on bone fragments belonging to these ruminants provide clues 
about cooking methods and preparation techniques. Most strikingly,  gazelle remains 
indicate spit-roasting over an open flame. The presence of repetitive haphazard butchery 
marks reminiscent of those found on pig and waterfowl remains suggests inexperienced 
butchery, perhaps by some of the same individuals. Additionally, the presence of several 
worked phalanges of gazelle well as one astragalus “dice” belonging to gazelle may 
suggest a different kind of cultural link, perhaps a spiritual, superstitious, or culturally 
relevant taxon in terms of games of chance or talismans.     
 The hunting and consumption of Roe Deer, Fallow Deer, and Gazelle in 
Mesopotamian Bronze age site has been well documented. Though present in 
comparatively small quantities next to domestic bovids and suids at the site, the gazelle 
specimens from the assemblage show clear signs of human processing in the form of cut 
marks. Remains of gazelle have been identified at Abu Salabikh (Postgate 1978), 
Haradum (Kepinski-Lecomte 1992), Nippur (Boessneck 1978). Calendrical texts from 
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Puzrish Dagan (Drehem) indicate a "Month of the Eating of Gazelle" in the Ur III period 
(Ellison 1981; Legrain and des Hautes Études 1912). References to the hunting of gazelle 
can also be found in texts from the Old Babylonian Period (Marriage of Martu, Shulgi-
D)(CDLI 2014ff-a, b, 2015ff-a). The Goitered, or Persian Gazelle (Gazella 
subgutturosa), currently listed as a vulnerable species in Southern Iraq (Freyhof 2015), 
has traditionally been the most common species in the area. Along with the Saudi gazelle, 
(Gazella saudiya), which is thought to have completely disappeared in Southern Iraq in 
the last decade, it is currently suffering from over-hunting, trapping, and the exotic pet 
trade in the area (Al-Sheikhly 2012).  
             
7.5.2 Wild Boar         
 The presence of a wild element in the pig population at the site is suggested by the 
measurement of molar teeth and an analysis of the age and sex structure of the suid 
assemblage. It is important to note that measurement of suid skeletal elements has shown 
a wide spectrum of variation at the site.  Results of the analysis of Suid remains in 
Chapter 6 do indeed suggest a free-range or semi-free range strategy of pig husbandry 
and the existence of a breeding continuum between wild, feral, and 'domestic' pigs at the 
site. Sex and age profiles are also quite varied, with more males who have passed 18 
months of age than would be expected for intensive production. The phenomenon of 
regular impregnation of females by wild or feral males, with little attempt of people to 
interfere or control breeding is quite likely.   
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Figure 7.19: Summary of major patterns indicated by the faunal data for wild game taxa 
at Mashkan-shapir.          
            
                 
Such variation in morphology, distribution of ages and distribution of sexes has 
been put forth as a method of identifying the presence of wild suids in an archaeological 
collection by several researchers. Hadjikoumis (2012) ethnoarchaeological study of 
traditional pig herding practices in southwest Iberia identifies trends in pig husbandry 
accounting for such variation and outlines the resultant patterns. These data along with 
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those from other such studies (Albarella, et al. 2007; Mayer, et al. 1998; Rowley-Conwy, 
et al. 2012; Vigne, et al. 2009) will be used in Section 8.8 to ascertain the degree to which 
wild boar is reflected in the assemblage at Mashkan-shapir.    
 Only two elements (phalanges) have been identified as wild boar based on their 
morphology. These are nearly twice as large as the largest phalanges identified as suid in 
the collection. One of these, a proximal phalanx is pierced and filed down on the dorsal 
face, while the other, a medial phalanx is polished on the cranial, plantar, dorsal, medial, 
and lateral faces resembling a crude rectangular prism and may very well have served as 
a gaming piece or token intended to stand on the cranial epiphysis which is highly 
flattened or to be case as one would a die. The deliberate modification of these massive 
skeletal elements tentatively identified as wild boar also suggest a ritualized or 
superstitious dimension to the hunting of wild boar.       
              
7.5.3Rabbits/Hares        
 Remains of the cape hare, Lepus capensis, are the most common of the small 
mammals in the assemblage. These show evidence of butchering and roasting at the site, 
suggest that these were indeed hunted and eaten (Remember to finally insert these pics 
once I select the best examples from the C1 hearth? maybe show them all together next to 
comp. specimen?). (Talk about the relevance to ecology of the cape hare (or maybe keep 
this for the later section on Hunting)        
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7.5.4 Other Small Animals:                   
 Remains of rodents in the taxonomic groups Muridae (mice, gerbils) and  
Cricetidae (hamsters) are the most common at the site. Though there is no evidence to 
suggest these were eaten, they are very relevant when examining the ecological niches 
exploited by the inhabitants as well as the site ecology itself. These species seem to come 
from semi-arid areas but crop pests and wetland taxa are also present       
               
7.5.5 Reptiles:                 
 Tortoises and terrapins were clearly consumed based on charred remains found at 
the site, roasting being the likely method of preparation. Testudo graeca and Mauremys 
caspica are the most common species identified. Remnants of nearly complete plastrons 
remains of limb, cranial and vertebral elements rare, only those which physically fuse to 
the shell are found.  
 
7.6 Patterns in the Data:  Molluscs and Other Invertebrates   
 Among the mollusc remains I have shown that unionid Mussels (freshwater 
mussels) are the most common. Only edible sizes are present in the assemblage and 
evidence of slice marks and other scarring from processing against natural accumulation 
of these specimens. Additionally, given the abundance of these in the flotation samples 
and their marked dearth among the macroremains it is suspected that many may not have 
been kept or perhaps more likely, were not exported due to the stringent export criteria 
faced by the team, as a good number of bags purporting to contain shell in the database 
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are not present in the collection. Freshwater clams (Corbicula) are also present and also 
show evidence of deliberate processing. Live weight estimates were attempted for 
Unionid mussels only. Due to the small sample size remaining, these estimates do not 
give an accurate representation of their consumption, but presence in large percentage of 
flotation samples (over 80%) suggests also that these are likely more common than 
previously thought.          
 The question arises as to whether these mussels were consumed or were part of 
the ambient soil matrix. Given the vast diversity of Unionidae both in size and species, 
were these not deliberately collected, then smaller individuals as well as other varieties of 
shell would be present. Even within samples taken from flotation, these types of molluscs 
simply do not exist. As shown in Chapter 5, the average shell length for complete 
mussels sampled from Mashkan-shapir was found to be 58.96 mm, while the smallest and 
largest measured 40.5 and 74.1 mm. respectively. Additionally, the freshwater snails, 
Melanoides, are extremely common in lake, river, and marsh beds. At many sites in 
southern Mesopotamia, these often make up a significant portion of the soil matrix itself. 
This was just not the case at Mashkan-shapir. These individuals though encountered in 
the collection, were not included in the analysis.  
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Figure 7.20: Summary of major patterns data for molluscan and other invertebrate taxa at 
Mashkan-shapir. 
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identified as belonging to the Taxonomic group of Freshwater crabs, the Potamidae. 
These may likely represent Potamon mesopotamicum. These also show evidence of 
carbonization, but it is not discernable if they represent gut contents of larger fish that 
happened to become cooked, or if they themselves were deliberately eaten.    
 
                   
7.7 The Plant Remains         
 Several major patterns where identified in the botanical remains from the site and 
are summarized in Figure 7.21 below. The major cereal crop identified was Barley. Of 
the 160 specimens identifies as cereals, over 68% (109 specimens) were identified as 
barley grains (38% of cereals) or barley rachis internodes (30% of cereals). According to 
the analysis by Charles (1992) , the barley crop at Mashkan-shapir represents a very 
lightly processed, relatively dirty winter barley crop and its weeds. A fodder crop for 
sheep, is the most likely aim of barley production. Wheat, Triticum dicoccum, was 
present but very rare with only 3 grains identified. The remainder of the cereals were 
unidentified internodes and stem portions.       
 Syrian mesquite, Prosopis farcta, was present at the site, and likely represents an 
intentional barley weed, which as I will describe later in this chapter, serves as a natural 
desalinator in traditional barley agriculture.  
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Figure 7.21: Summary of major patterns indicated by botanical data at Mashkan-shapir. 
 
 Overall, the low abundance of cereals at the site (25% of total identified samples), 
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by the low cattle to sheep/goat ratio discussed above.     
 Sheep goat dung pellets are also quite ubiquitous at the site, present in over 80% 
of collected samples, representing 10% of identified specimens from flotation. Identified 
overwhelmingly as sheep/goat dung pellets, this suggests that the animals were perhaps 
grazed or kept near the site or that dung was brought back to the site to use as fuel. The 
use of dung fuel is likely due to the carbonized nature of the dung pellets. Many wild 
plants and grasses were identified in animal dung, however, indicating grazing in a 
variety of locales including irrigated fields, the arid steppe and desert region, as well as 
the wetland and marsh zones. The presence of Scirpus (bulrush, rush, clubrush) also 
indicates wet saline conditions in fields or the grazing of animals along the floodplain or 
marshland zone. The particular species was not identified in Charles’ analysis, yet 
varieties exist which are present in both of these zones.     
 Perhaps the most relevant plant to a discussion of the application of traditional 
knowledge at the site is Syrian mesquite, Prosopis farcta. As I will show in Chapter 8, 
this plant is used in the modern day, as a nature salt sponge by farmers in the Middle East 
where salinity is a problem. It presence among the barley crop at the site is an indicator 
that this plant may have served the same function to the ancient farmers of Mashkan-
shapir.           
 Date pits are also ubiquitous and common at the site, present in 96% of samples 
and comprising over 8% of identified specimens. These dates also show better overall 
preservation than other items and seem to have been subject to different disposal and 
taphonomic processes (Charles 1992b). Reeds were also ubiquitous and common at the 
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site, with samples made up almost entirely of discarded reed stems likely belonging to 
textiles, furnishings, fishing equipment and other tools. Impressions of reed mats 
preserved in bitumen were also common finds during excavation, suggesting that many 
of the interior spaces were covered in these mats.      
 Lastly, a great variety of cultivated crops were also common at the sites, including 
several varieties of peas, lentils, and other legumes as well as tubers and an unidentified 
melon or gourd. The presence of this variety of small garden suggest that the household 
production of supplemental plant foods was also quite common practice at the site. 
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Chapter Eight: Discussion II: Addressing the Research Questions 
                               
8.1 Introduction to Chapter Layout       
 In this chapter, I will address the predictive models outlined in Chapter 4 to 
ascertain how the patterns in the data first relate to the concept of heterarchical socio-
economic organization at the site, and second to sustainable niche resources exploitation 
and the role of wetland resources at the site. To identify areas that will be followed by 
further evidence in this chapter, I will begin this task in 8.2.1 by returning to the research 
questions already set forth in chapter 4 as they relate to evidence from the different 
taxonomic groups. In doing so I will also re-assess the predictive tables therein 
completing these with the results of the analysis, while also identifying criteria within 
which that are still unclear or require further examination.     
 In the sections to follow I return to the aforementioned predictive models for 
heterarchy and sustainability completing these models using the patterns from the faunal 
data, as well as, again, identifying areas that are still unclear and will be discussed 
further.  A final revised model will then be presented as a final synthesis of the data 
indicating how the patterns identified in this study satisfy the model. Section 8.4: The Wet 
City: Human and animal spaces will combine data from excavation and faunal analysis 
with an interpretation of botanical remains from flotation to discuss the degree to which 
residents of the city shared their space with the animals they consumed, as well as the 
role of artificial ecological zones at the site such as date orchards and canals.  
 Section 8.5: Traditional Knowledge, Cultural Sustainability, and Food Habitus at 
   
  350 
Mashkan-shapir, will discuss evidence for the importance of traditional knowledge in the 
lives of ancient Mesopotamians, particularly that which relates to sustainable resource 
exploitation. This section will outline food, eating, and the concept of habitus, 
particularly as it relates to the Masghouf tradition in southern Mesopotamia.  Section 8.6 
will next compare this site with other known sites for which faunal data occur and test the 
wet city model.           
                   
8.2 Revisiting the Models:         
 Perhaps the most challenging part of this dissertation thus far has been my attempt 
to weave together the results in a way which recreates Stone and Zimansky’s tapestry of 
power and then to relate it meaningfully to the practice of sustainable agroecology at the 
site. This is due in large part to the apparent codependence of these two hypotheses. A 
heterarchical state, characterized by consensus between diverse agents in the society and 
a weak or absent central authority as well as diverse fluid resource base seems like a 
prerequisite to building a sustainable agroecologically sound production base. A system 
which is dynamic, based on diverse subsistence pathways and resources, works within the 
normal operating parameters of the surrounding environment, using them to its benefit, 
and which relies heavily on accumulated knowledge as well as sociocultural enforcement 
via customs, taboos, and even the law. Such a system would almost have to be, at least in 
large part, a heterarchical one.  I will also show, however, there are some deviations from 
the heterarchical ideal, particularly in sheep husbandry practices and the apparent 
intensive focus on the wool industry at the site.      
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 In order to accomplish this I will return to the questions laid out in chapter 4. 
These decision tables and models relating possible outcomes in the data patterns from the 
site with possible conclusions will be assessed by taxonomic group. Next, the models 
designed to address the two main themes of this study will be tested and reassessed. This 
will consist of an attempt at recreation of the socio-economic organization at the site in 
terms of heterarchical consensus between various agents at the site and the nature of the 
city’s subsistence patterns as an ancient model of sustainable agroecology at the site. 
                    
8.2 Research Question Assessment Guidelines     
 In this section, I will present arguments supporting the central thesis of this 
research by readdressing the questions proposed in chapter 4 and the hypothetical models 
set forth in Section 4.4/ Decision tables from chapter 4 which relate different patterns 
possible in the faunal data to possible conclusions, are reexamined taking the patterns 
derived from the results of the analysis in Chapter 6 into consideration.   
 In Chapter 4 I proposed four major lines of inquiry in order to evaluate the bovid 
data and what, if any, support it could lend to the heterarchical model for the site already 
supported by data from (Stone 1991, 2008; Stone and Zimansky 1992, 1994, 1995, 2004). 
I will now summarize these and provide questions which were asked of the data based on 
these lines of inquiry         
 The first line of inquiry, an analysis of the comparative distribution of animals 
and there parts, aims to discern patterns of differential access to these resources in order 
to establish a link to concepts of status, restriction, custom, or other social mechanism at 
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play at the site. The major questions I attempted to answer were two. First, is there any 
evidence of bias in the distribution of certain species or certain parts of animals to 
specific segments of the society? Second, do these biased species or parts represent a 
status difference, a redistributive economy resulting in indirect access, or are they merely 
an indication of preference?        
 The second and perhaps most complex line of inquiry is the investigation of 
husbandry and subsistence strategy indicated by the faunal material. In this portion of the 
investigation I focused on identifying which husbandry or herd management strategies 
can be identified by the patterns in the faunal remains. I also determine whether any 
evidence exists of centralized control of animal production and whether this evidence 
varied between taxa. Under this line of inquiry, I attempt to incorporate botanical data to 
determine what information, if any, the botanical remains could provide about the 
husbandry strategies associated the domestic species at the site in terms of grazing, 
foddering, and dung contents. Lastly, I have also provide information concerning where 
the animals may be raised, kept, processed, and ultimately, consumed.    
 The third line of inquiry is resource diversity. I have shown how diverse the 
animal assemblage is, especially compared to the available resources. I will also address 
whether or not this diversity is associated only with a certain aspect of society.  
 The fourth line of inquiry involves the processing, butchery, and preparation of 
animal bone. This type of evidence is very useful because it provides a direct record of 
the interaction between people and these animals. I have used this data to suggest the 
presence of professional butchers, the knowledge and know-how of the individuals 
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processing the animals, and the presence of any special cultural significance in these 
animals or their parts.         
 After presentation of arguments in support of the Heterarchy theory I will next 
address the second half of my thesis as it pertains to the faunal assemblage. In chapter 
four I outlined a  strategy to assess sustainable agroecology at Mashkan-shapir by 
proposing ways in which the criteria outlined by Kirschenmann (2007) and others can be 
identified at work at the site . I have already outlined four basic concepts and their sub 
themes and described how they may be identified by faunal and non-faunal evidence. The 
ways in which the Mashkan-shapir data identify these processes will be elaborated on 
next. These will also be summarized in table. The four concepts, once again stated are 
resource integration, ecological process-driven management, adaptive management, and 
an intense knowledge base.          
                  
8.3 Heterarchy vs. Hierarchy        
 The data from this analysis lend much support to a heterarchical organization at 
Mashkan-shapir. On dominated by a lack of social differentiation, resource diversity, and 
diverse sources of economic wealth and resources produced by consensus between 
various groups specifically; Households producing their own food, fishermen, hunters, 
reedcrafters, and tradesmen. Contradicting these patterns, as I shall show, is the data for 
sheep husbandry, which deviates from this trend by showing bias in access to skeletal 
portions, focus on a specific product namely wool, as well as a system of low intensity 
barley cultivation dedicated to fodder production for consumption by sheep. I will now 
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summarize this evidence and show it fits with the models proposed in chapter 4.   
 The faunal and archaeobotanical data from Mashkan-shapir provide almost 
overwhelming support for the heterarchical organization of the city, except when sheep 
pastoralism and the wool industry are considered. Using the lines of inquiry outlined in 
the previous section I will now address the support for the heterarchy theory and contrast 
these with existing evidence contradicting it. These arguments are also summarized in 
tabular form in Tables 8.1 to 8.4. 
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Table 8.1: Differential access and comparative distribution: Conclusions and associated patterns 
in the faunal data which support or contradict the heterarchical model 
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Table 8.2: Production Strategy: Conclusions and associated patterns in the faunal data 
which support or contradict the heterarchical model. 
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Table 8.3: Fishing, Hunting, & Wild Collection Strategy: Conclusions and associated 
patterns in the faunal data which support or contradict the heterarchical model. 
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Table 8.4: Processing, Butchery, Cooking, & Modification: Conclusions and associated 
patterns in the faunal data which support or contradict the heterarchical model. 
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8.3.1 Differential Access, Comparative Distribution & Resource Diversity 
 Examining the differential access to available resources would have to indicate 
unrestricted, unregulated and unbiased access to the available diversity of resources by all 
segments of society to suggest a heterarchical social organization. The Mashkan-shapir 
data, with a slight exception for sheep husbandry and barley agriculture data do just that. 
The patterns supporting and contradicting the heterarchical model concerning this line of 
evidence are summarized in Table 8.2 above. The unbiased access by all segments of the 
society (for the degree to which they are represented by the sample area) to the complete 
set of resources identified in the assemblage is strongly supported by various patterns in 
the data. Comparative abundances of all species and the patterns in the distribution of 
their parts are constant across all the areas of the site sampled These data do not indicate 
to any significant degree a difference which may be interpreted as socially, politically, or 
economically relevant in this criterion.  Differences, where they do exist correlate only to 
context richness and size but the comparative abundance ratios are constant. The only 
differences appear in special feature contexts, which are largely associated with burial 
and/or cooking contexts, which will be discussed further in a later section. This would 
seem to suggest that there was little if any central regulation of access to resources, 
particularly suids, goats, fish, fowl, and other wild taxa.    
 The major aberration from this scenario is the situation for domestic sheep at the 
site.  The earliest mentions of Mashkan-shapir in the textual record note the importance 
of the settlement as for sheep husbandry. From as early as the reign of king Shulgi 
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(2094–2047), during the Ur III period, three tribal shepherds of the Emutbalah;  Abi-țab, 
Ur-Alla, and Ur-Lugal, are identified as managing extensive herds belonging to Shulgi in 
the area (Steinkeller 2004). The association of the site with the Emutbalah continues well 
after the Ur III collapse following the turn of the 2nd millennium BC. And well into the 
period of Larsa control, it is established by textual evidence that the Emutbalah are in fact 
now the ruling family. Within a few decades, at the inception of the Larsa Kingdom, the 
blood ties of the O.B. kings with the Emutbalah are undeniable, with prominent rulers 
such as Rim-Sin (1822-1764) proclaiming their ties to the tribe. All the while textual 
records from the site continue to emphasize the importance of sheep pastoralism as 
described in Chapter 2.         
 The data for sheep from the site strongly supports this link. Unlike the other data 
from the site, which suggests diverse subsistence strategies which diversify at the site as 
it transforms into a fully-fledged Mesopotamian metropolis of the early to middle 2nd 
millennium BC, sheep production is quite specialized. Sheep are the only taxon for which 
evidence of centralized control, redistribution, and any degree of resource intensification 
exists at the site. The strong bias evident in the collection towards limb elements at the 
site as well as the sex and age mortality data suggest a sheep husbandry strategy which 
emphasizes wool production. The processing of sheep seems to be occurring before the 
residents of the site had access to their carcasses (Figure 8.1). As I will show in a 
subsequent section, butchery patterns also back up this assumption. The deposits from 
buildings A, B, C, D, & E, and their associated streets and exterior spaces all seem to 
suggest secondary access to sheep and a deliberate redistribution of limb elements to 
   
  361 
these segments of society. The pattern is made even clearer by the virtual absence of 
adult axial elements in the collection. Though axial elements have been identified, they 
are much less common in the assemblage, and overwhelmingly belong to juveniles and 
immature individuals, with unfused or fusing vertebral bodies and arches almost 
universal among these limited samples. The most conservative estimate given the spatial 
location of these remains and their fusion states is of 4 individuals, placed at this age 
range of roughly 6 mo. There are two additional issues brought up by this distributive 
pattern as such. Firstly, it is virtually impossible to tell morphologically if these 
uncommon axial elements belong to sheep or goats as at that stage of osteological 
development, the differences are non-existent. Second, they are quite young, though do 
bear evidence of butchery and even burning (Figure 8.12), they do not represent natural 
deaths of juveniles.  
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Figure 8.1: Flow diagram of major resources at Mashkan-shapir suggesting indirect 
access to limited resources from sheep as regulated by an agent. Emutbalah tribal 
herdsman, ruling elite, or both are suggested as serving this function. 
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             The barley agricultural regime is another line of evidence which supports this 
point. Barley is the dominant cereal produced at the site by far. Given the unprocessed 
nature of the specimens identified at the site, the abundance of crop weeds, and their 
ubiquitous presence in the sheep/goat dung at the site, it appears that low intensity cereal 
agriculture at the site exists solely to produce fodder for sheep (Charles 1992b). That 
being said, bread wheat does appear in the samples from the analysis but is very rare with 
only two grains identified as wheat in the entire assemblage. As the data for skeletal 
portion, and primarily live weights and meat consumption, have shown, sheep do not 
represent the most ubiquitous taxon eaten at the site. Though sheep are common at the 
site, the contribution of pigs to the totality of meat consumed has proved to outweigh that 
of sheep. Additionally, the contribution from fish to the diet, is only slightly less than that 
of pigs.           
 Overall, the comparative distribution of taxa and their parts presents a set of 
buildings which present evidence for very little centralized control, regulation, or 
restricted access to both wild and domestic resources at the site.  Data for the distribution 
of all other taxonomic groups at the site, however, do not indicate a bias or secondary 
access in any way. The distribution of other domestic taxa, primarily the pig, as well as 
fish remains (Figure 8.2), bird remains, wild game remains, and even mollusc remains all 
suggest unregulated and unbiased access to entire carcasses, strongly suggesting direct 
access to these resources by the residents of this area. This first line of inquiry, the 
comparative distribution, and therefore implied access to resources available at the site, 
strongly supports the heterarchical model for the sites sociopolitical organization. 
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Figure 8.2: Distribution of Fish Remains across building contexts at the site.  
 
 
8.3.2 Husbandry & Production Strategies 
Examining the Husbandry and production strategies at work at Mashkan-shapir 
would have to indicate that unspecialized, low intensity, small scale and even household 
level subsistence based on a diverse menu of resources was important at the site in order 
to support the heterarchical model. The Mashkan-shapir data, with a slight exception for 
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sheep husbandry and barley agriculture data do just that. The patterns supporting and 
contradicting the heterarchical model concerning this line of evidence are summarized in 
Table 8.3 above. With the exception of sheep, the data from Mashkan-shapir relating to 
husbandry strategy for domesticates are very supportive of the heterarchical model. 
Setting aside the clearly specialized, regulated, and likely centralized strategy for sheep, I 
will now discuss the supporting patterns for other domesticate plants and animals. Pigs 
present perhaps the strongest data in support of this model. Pigs are undeniably present in 
complete proportions at the site. Although a small scale likely free range strategy is 
indicated by the data, pigs seem to be a very important food crop. P makes up the largest 
proportion, by meat weight, of the meat consumed at the site. Age and sex data indicate 
very little management of pig husbandry.       
 Although the largest age group are pigs between 6 to 18 mo., several age groups 
are present in the assemblage as well as individuals of various sexes. Hadjikoumis 
(2012:361) identifies a trend in low intensity managed free range pigs of overall later 
slaughter, as well as a smaller female to male ratio, and the presence of slaughter peaks in 
the mortality profiles for pigs. This is indeed the case with the Mashkan-shapir pigs. 
Adult males, over 2 years of age are also common in the assemblage, signaled by the 
presence of large well developed, and even worn canine teeth(Figure: need better photo).  
Molar measurement data supports unspecialized, small scale pig production by indicating 
an assemblage which is highly diverse in size, morphology (particularly of the cranium) 
and likely includes feral or semi-feral individuals. As discussed in chapter 7, the practice 
of pig calling, and the use of free-roaming pigs for tasks as diverse as rooting in fruit tree 
   
  366 
orchards, and recycling garbage as well as human waste are well documented in the 
modern era, and are likely to have occurred at Mashkan-shapir as well.   
 Goats, though not as common in the assemblage, seem to follow a pattern similar 
to pigs in that the age and sex groups are quite variable.  The largest groups for which sex 
determination is possible are females likely well over 36 mo. of age, indicating slaughter 
upon cessation of lactation activities, and culled males 12-18mo. There is, however, 
evidence for several adult males at the site as well as elderly she-goats, some of which 
also exhibit evidence of age mediated pathologies in the extremities. Data in chapter 6 
suggest a low intensity milk production strategy likely at the household level is occurring 
at the site.          
 Another line of supporting evidence for this model comes from the evidence of 
small scale cultivation of garden crops at the site. Of these, dates are the most significant 
at the site, followed by legumes, capers, sesame, tubers, and a species of Cucurbidae 
(melon/gourd). The importance of courtyard gardens, public gardens, and parks in 
Mesopotamian urban culture is very well documented (Dalley 1993; Delumeau and 
O'connell 2000; Foster 1998; Porter 1993; Tengberg 2012; Wiseman 1983). 
 The concept of urban space as we see it today is very different from that of the 
ancient Mesopotamians, though in this chapter, I argue that this difference is one of the 
most critical problems that needs to be remedied in terms of human population being able 
to sustainably support themselves in the future. Nevertheless, gardens seem to have been 
very important at Mashkan-shapir. The very well-known preserved Kassite period map of 
Nippur even indicates the location of an open garden or orchard within the city walls. 
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Such spaces would have been very common to cities in southern as well as northern 
Mesopotamia, as data for Senacherib’s palace without rival at Nineveh and its gardens 
(Dalley 1994; Foster 2004)Several open outdoor spaces, as well as open courtyards were 
among the contexts sampled at the site (Figure above). Dates and legumes are by far the 
most common household and urban garden crops raised at the site. Though wild legumes 
and other plants were also present as indicated by the data. The diversity of these garden 
crops and the productivity of these urban “green spaces” also seems to indicate that all 
segments of society had access to these resources. 
 
8.3.3 Fishing, Hunting, and Wild Collection Strategy 
 For this line of evidence to provide support to the heterarchical model, the data 
would have to indicate; first, unregulated access to wild resources such as fish, 
waterfowl, and wild game by all segments of society;  second, that supplementary, 
opportunistic, resource acquisition activities, such as hunting, fishing, gathering, and the 
production of garden crops is also common and unrestricted;  and third, access to the 
diverse ecological and productive zone in and around the site is free and unregulated. The 
patterns indicated by the Mashkan-shapir data support this model in many ways. The 
sheer diversity of fish represented at the site is staggering. In terms of unbiased access to 
fish and hunted resources, it is important to note that the diversity in the assemblage 
reflects, in large part, the diversity available in nature. This is most true for fish remains 
at the site. Access to fish species appears to be unrestricted, and furthermore, unselective, 
indicating that nearly all local, as well as several marine species that are available, 
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commercially viable, and even edible are found at the site. In modern Iraq, several of 
these species, particularly the scale-less taxa of catfish and freshwater eels are restricted. 
The same is true for other aquatic resources which are either restricted by religious 
decrees and taboos, or not culturally accepted for eating. This does not appear to be the 
case with the Mashkan-shapir assemblage, as all edible species are present (Table 8.5 ). 
 
 
Table 8.5: Most common commercial game fish in Iraq and their presence in the faunal 
assemblage from Mashkan-shapir. Data from (Al-Khait 1978) was incorporated with 
presence absence data from this study to produce this table. 
  
A similar situation is observed for wild waterfowl in the area. A variety of small, 
medium and large ducks are found in the collection. The assemblage also includes geese, 
swan, coots, and other waterfowl. Essentially every taxon which is edible, is in fact eaten. 
The variety is not only in the species present at the site, but in the season in which they 
   
  369 
were hunted (Table 8.6). The targeted species include those which are full time residents 
in the waterways near the site, such as the coot (most common species in assemblage), 
but also includes various duck species which are migratory (Table 8.6). Though the 
assemblage is comparatively small, it also includes among the wild game taxa with 
evidence of butchery and cooking, gazelle, roe and fallow deer, cape hare, tortoises, and 
turtles  
 
Table 8.6: Seasonality of local bird species. Figure adapted by author from Eastham 
(2009:Figure 1) 
  
Concerning the agricultural production strategy, the data also hint at a low 
intensity unspecialized regime characteristic of a heterarchical, decentralized society. The 
sheep and goat to cattle ratio, which has been used to gauge the level of intensity of 
agricultural production at other sites, is quite high (45.01 by NISP). This figure is in line 
with that estimated for other sites where agricultural intensification was low  (Davis 
1993) 
Species Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.
Cormorant
Grey Heron
Greylag Goose
Ruddy Shelduck
Common Shelduck
Common Malard
Northern Pintail
Red-crested Pochard
Eurasian Coot
Slender-billed Gull
 few remaining birds
few remaining - mostly juveniles
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8.3.4 Processing, Butchery Patterns, Cooking, and Modification. 
This line of evidence lends much support and assistance to the existing 
conclusions which support the heterarchical model for the site. The main supporting 
patterns emphasized by the data are:        
            
  1) Butchery and preparation at the site, with the exception of that present on 
sheep remains, is very diverse and is clearly not the responsibility of professional 
butchers, but is also practiced at the household level;     
            
  2) Modification and preparation of animal remains indicate that the cultural 
significance of animals area not associated with a particular segment of society or status 
and are in fact quite variable, and;        
             
 3) data from bite mark evidence support the notion that free roaming “street pigs” 
are quite common at the site, supporting the notion of small scale household level pig 
production.            
           
 This specialization is further emphasized by the standardization of butchery 
practices at the site for sheep. For all other taxa butchery records the attempts to de-flesh 
and prepare carcasses by inexperienced individuals. The often haphazard and 
inexperienced butchery patterns seen on suid remains, wild fowl remains, and those of 
small and medium game animals stands in stark contrast to this pattern.      
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8.4 Agroecology Models and Evidence 
 The material from Mashkan-shapir provides very good evidence for sustainable 
agriculture and resource management. The best evidence is given by data from resource 
diversity, traditional knowledge, as well as the application and use of natural ecosystem 
services, such as, natural processes of renewal and stress management. I will now present 
the evidence in support of the ancient sustainability and agroecology practices at work at 
the site. These arguments will investigate on the four lines of evidence summarized in the 
introduction to this subchapter, along with the supporting patterns and conclusions 
8.4.1 Resource Integration:  
Perhaps the most recognizable aspect of sustainable production is the integration 
of diverse resources. Resource diversity at the site is very high. The number of species 
identified specifically is 65, with at least 6 more specifically suggested by the 
identifications possible in the assemblage. This figure also does not include the hundreds 
of carp remains, for example, that cannot be identified as well as the nearly 20 different 
size categories of fish and various size categories of ducks and water birds that have also 
not been identified. A Shannon Diversity index for the site was estimated at 3.738, which 
is equivalent to estimates calculated by numerous researchers for the southern marshes in 
general. Richness was calculated using the Margalef index at 9.027. Mixed resource 
management is a cornerstone of sustainable agroecology.     
 The vast majority of the non-domestic resources are also wetland based resources, 
and it is clear based on taxonomic diversity at the site that resource integration and the 
exploitation of diverse wild resource niches were critical for subsistence at the site. The 
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data have also shown that not only are wild, largely wetland resources present and varied 
at the site, but fish, the largest category of wild resources eaten are just as economically 
vital as domestic animals.  What is also evidenced at the site is that there appears to be 
unbiased representation of the available wild resources in the sites faunal assemblage. 
Almost all the most economically important species in the modern era, apart from those 
that are introduced or invasive in later periods, are present in the assemblage (Figure 8.3) 
 
Figure 8.3: Comparison of cyprinid assemblage between ancient Mashkan-shapir and 
modern Iraq. Data for modern day Iraq taken from (Coad 2010:36) 
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As I have described in Chapter 4, the agroecosystems approach not only 
acknowledges relationships between agricultural fields and farms and their surrounding 
environments, it goes a step further. Through intense knowledge based approach, the 
interrelationships between ecological, agricultural, and human factors are put into use to 
maximize results. Instead of draining vast swathes of wetlands, for example, in order to 
cultivate a single crop, which may not be suitable, and often even detrimental to its 
surrounding environment, agroecological production instead places an agricultural 
production system over an existing ecosystem.      
 The aim is to extract multiple resources from the same wetlands (in this example) 
by selecting the components of the system so that they work in harmony with one another 
and their environment. Natural pest deterrent plants and animals, for example, may be 
selected over the use of dangerous chemicals. Instead of a culling and replanting or in the 
case of animals a physically taxing breeding regime, natural processes of renewal are 
emphasized. The desired result is essentially a self-sustaining agroecosystem, where all 
the parts work together and preserve not only the resources being produced, but the 
ecosystems themselves. The result is a system that after only initial investment in energy 
and resources, can essentially perpetuate itself, with man acting as a custodian, applying 
scientific and traditional knowledge to the maintenance of the system.  
 
8.4.2 Ecological Process-Driven Management:      
 The evidence of ecological process driven management at the site is supported by 
the faunal and paleobotanical data. The use of Syrian mesquite, Prosopis farcta, for 
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example, to assist in the management of soil salinity at the site is an excellent example of 
using available biotic agents to manage problems in agricultural development. Prosopis, 
forms deep tap roots reaching between 15-20 m deep, which assist in aerating soils for 
cultivation (Qasem 2007). Of even more significance, however, is the ability of Prosopis 
to not only tolerate high levels of soils salinity, but to actively minimize salinity by 
removing salts into its roots (Catalán, et al. 1994; Hanelt 2001; Sosa, et al. 2005; Winter 
1988).           
 Though in many places it is considered an insidious weed which is near 
impossible to remove, it is also used as a fodder crop in the middle east whose blooms 
attract great masses of bees (Hanelt 2001) Since the data show that Mashkan-shapir’s 
barley crop was grown primarily as a fodder crop, the presence of Prosopis farcta (2% of 
identified remains) in the botanical assemblage strongly suggests this function.  The use 
of Syrian mesquite in this way exemplifies the ecological process driven management 
typical of a sustainable agroecosystems approach. The use of a native plant, commonly 
considered a weed, in conjunction with cultivated barley, is the quintessential example of 
the concepts of Synergy, ecosystems services, resource integration, as well as traditional 
knowledge characteristic of this model. Conventional mono-crop agricultural regimes 
would have spent resources in removing the “weed” Prosopis, ignoring its potentially 
favorable effects, and relying on chemical or otherwise artificial human-mediated 
management of the issues of salinity and soil aeration. Although initially successful, these 
methods have time and time again proven to be unsustainable, destructive to the 
surrounding environment, and, ultimately, economically unsound.  
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Though the presence of Prosopis among the barley crop as evidenced by seeds 
found in dung and elsewhere in the site provides a clear example of ecological process 
driven management, this strategy is also hinted at the site by various aspects of the faunal 
assemblage.  The strongest evidence comes from the unregulated breeding of domestic 
pigs at the site. The evidence for pig husbandry at the site has been discussed at length, 
but it is important to note, however, that rearing pigs in this manner also relies almost 
exclusively on natural processes of renewal. Pigs raised in this manner, will ultimately 
reproduce based on their natural cycles and selective processes. It is already suggested by 
measurement data that pigs are interbreeding with potentially wild and feral suid 
populations. Hadjikoumis (Citation) Hadjikoumis (2012) and several others (Albarella, et 
al. 2007; Jay and Wiscomb 2008; Thomas, et al. 2013; Tisdell 2013) discuss the benefits 
of such a system to the overall productivity, vitality, and fecundity of the pig population. 
 Though it is likely that pigs reared in this manner would not be subject to the high 
intensity breeding pressures which can ultimately result in three litters per year for the 
average sow, these studies have shown that such naturally interbreeding populations are 
much more resistant to disease, famine, and in terms of sustainability. This method of 
rearing pigs, requires little input of energy or feed. Human owners of pigs likely provided 
shelter for their pigs during unfavorable weather and table scraps or water when and if 
they were needed. In modern examples, this is done as regularly as daily to weekly, and it 
is often supplemental to the nutrition gathered by pigs from the settlement environs, 
trash, waterways, etc.  Additionally, it is assumed, based on bite mark evidence on 
domestic refuse, that these pigs may also have served a recycling function. As outlined in 
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Chapters 4, and 7, pigs can be very efficient at pulling nutrients out of even the poorest of 
table scraps. Likewise, the commonality of date pits at the site, and the observation by 
Charles (1992a), that these pits underwent different post depositional processes than the 
rest of the botanical remains may reflect the related practices of; 1) feeding date pits to 
pigs, recorded elsewhere in the ancient near east (citations) or 2) the practice of rooting 
pigs in date orchards.          
 The practice of allowing pigs to root in orchards of various fruiting trees is well 
documented historically throughout the world and is the standard practice for mixed 
farms today. Pigs, and sometimes other domesticates such as sheep, goats, and cattle, this 
way serve as a natural pesticidal agent by consuming fallen fruits thereby reducing the 
populations of decomposer insects, fungi, bacteria, and other agents which infect trees 
and cause fruit to spoil. Additionally, the mechanical process of “rooting” serves to aerate 
the soil surrounding complex tree roots, such as date palms, resulting in more efficient 
growth and absorption of nutrients.  Though this was not possible for the current study, 
given time and budgetary concerns, it is possible to determine rooting behavior of suids 
by examining microwear on teeth using scanning electron microscopy.  A proposal for 
such a future analysis is included in chapter 9.   
 
8.4.3 Adaptive management       
 Agroecosystems are characterized by their ability to respond to dynamic 
environmental changes and stress. This is accomplished by implementing different 
management strategies to respond to dynamic forces of change rather than applying a 
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standard strategy to all circumstances or using artificial, mechanical, or chemical fixes to 
address the issue. The biotic and abiotic components of the system can naturally deal 
with the stress at hand in such a way that equilibrium is maintained for the system as a 
whole.  One way in which this might be accomplished is to use locally available versions 
of crops or breeds of animals whose productivity is not effected by the change. 
 The Mashkan-shapir data suggest adaptive management was in deed taking place 
at the site.  The first line of evidence for this strategy comes, again, from the use of 
species which are naturally capable of dealing with local stresses and problems. For 
example, the use of Prosopis as a natural desalinators. Another example of this strategy is 
the use of salt resistant barley for animal fodder. Perhaps the greatest example of this 
adaptive management based on selection of species has to do with the importance of wild 
taxa at the site in general. In other words, where the ecology of the site made intensive 
cereal production impossible, more emphasis is placed on pigs, fish, and other wetland 
resources, with a slight intensification of sheep production for the wool industry.   
 Stress is also indicated in the assemblage, as I have described by the presence of 
age and stress mediated pathologies on the bones of sheep, as well as mild hypoplasia in 
the enamel of bovids and suids at the site. 
 
8.4.4 Intense Knowledge Base and Cultural Components to Model  
 Perhaps the most critical component of a sustainable agroecosystem is the intense 
knowledge base it relies on. Agroecosystems are essentially smart farms. All the 
components, living and non-living, have all been selected for their role in the integrated, 
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synergistic, ecologically renewable system. This requires a vast knowledge of the biology 
of the plants, animals, and often microorganisms and decomposers involved in the 
system, as well as the chemistry, geology, and climatology of the nonliving components. 
For hundreds of thousands of years since humanity’s first hunter-gatherer ancestors, this 
knowledge of nature was essential to survival. This did not change when we began 
planting crops and raising animals. Traditional, local, and folk knowledge and strategies 
are the product of centuries of interaction with nature and formed the basis of agricultural 
sustainability until the modern era.  Additionally, in order for an agroecosystem to be 
completely viable, not only must adaptations stemming from traditional knowledge be 
understood, they must be shared and maintained into generation. Maintaining them 
requires teaching, sharing, and reinforcement. In traditional communities, such as the 
Ma’dan of southern Mesopotamia, this is accomplished by taboos, cultural restrictions, 
and rituals. , but it must be shared and taught. Mashkan-shapir provides several examples 
of the application of such knowledge as well as traditions which help to reinforce 
sustainable practices culturally.    
The following patterns identified at Mashkan-shapir provide the most support for the 
importance of traditional knowledge and the cultural maintenance of this knowledge: 
1) Exploitation of a diverse variety of fish, birds, and other wild game with 
highly varied ecology, breeding cycle, migratory behavior, and most 
importantly behavior which effects fishing, hunting, or catch method.  
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2) Application of traditional farming adaptations such as: the use of Prosopis to 
control salinity, and the cultivation of salt tolerant crops such as barley. 
  
3) Cultural reinforcement of fishing methods and tradition through communal 
meal sharing as evidenced in the Masghouf picnic tradition.   
  
4) Cultural reinforcement of hunting and fishing traditions through burial 
offerings of food: “Masghouf” Fish Platters, Stews, Preserved foods  
  
5) Cultural Reinforcement via talisman keeping and production using worked 
bone of hunted animals: gazelle, deer, and boar. 
 
 The diversity of the wild assemblage evidenced at Mashkan-shapir is remarkable 
not only for its variety, but for the variety of fishing, hunting, and gathering techniques it 
implies. The wild fauna who call the Mesopotamian environments their home are as 
diverse in their behavior as they are in their species designations, perhaps even more so. 
Even closely related, skeletally identical species of carp for example can vary immensely 
in their habits and ecology. Jawad (2006) describes a variety of Ma’dan traditional 
fishing methods which range from the familiar hook and line or net fishing to methods 
involving men catching carp by hand after using fire or other methods to trap and confuse 
the fish in reed beds. Though some of these methods have already been described in 
Chapters 4 and 7, they represent only a small sample of the potential traditional means in 
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which hunting and fishing occur in Mesopotamia. Table 88 below compares the ecology, 
dietary and breeding habits, and fishing methods for the carp species found at the site 
alone.  With Figure 8.4 and Table 8.7, I have gone a step further by creating a chart that 
aims to graphically depict these criteria for the most common species of fish at the site 
and incorporating marine and euryhaline species.  What is clear based on this data is that 
the residents of Mashkan-shapir had access to a vast cultural library of fishing and 
hunting knowledge which provided strategies to cope with the behavior, seasonal 
migration, and spawning biology of the various fish species at the site.    
 As I have mentioned in previous chapters, Cyprinid fish are the most commonly 
eaten fish In Iraq today as they certainly seem to have been in the past.  I have also 
mentioned the traditional Iraqi dish called Masghouf, consisting usually of river carp or 
barbel (Cyprinidae) which is split in half (butterflied) and cooked over and open flame. 
This meal, to any individual growing up in Iraq, especially in the South, would represent 
a family bonding ritual. A time honored tradition, very often with the grilling of the fish 
and subsequent picnic occurring on the banks of the Tigris and Euphrates themselves, this 
meal seems to have been as important in the past as it is now. Certainly the evidence from 
the site as described in Chapter 6 suggests that almost all carp remains found at the site 
were cooked in this manner. Additionally, among the special feature contexts, an in-situ 
fish platter, interred with several other grave goods in one of the burials of Building E 
(Figure 8.4) provides an excellent example of how important this dish was. This 
phenomenon is not unique to Mashkan-shapir. In fact, examples exist from several sites 
going as far back as the Uruk period at the site of Eridu(Safar 1949).  
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Table 8.7: Detailed information on the cyprinid species from the site concerning 
morphology, economic value, ecology, and traditional fishing methods. 
   
  382 
 
Figure 8.4: Seasonality and spawning behavior of common fish species in the 
assemblage. Diagram by Demetrios Brellas incorporating data from the text of Coad 
(2010) 
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 Perhaps the best example, owing its miraculous preservation to having been 
discovered recently using modern excavation methods was found among the burial goods 
in a grave at the site of Abu Tbeirah (D’Agostino, et al. 2011; D’Agostino, et al. 2013) 
currently being excavated by a team of Italian and Iraqi archaeologists in the vicinity of 
Nassiriyah, Iraq. Figure 8.6 shows this platter with the fish remains in-situ. Although a 
discussion of the arrangement of grave goods and the placement of graves underneath the 
houses at Old Babylonian sites, is beyond the scope of the current study, it is important to 
note that at both sites, these types of burials and associated vessels often containing 
remains of fish, birds, and domestic mammals, are common, suggesting an even stronger 
cultural link to the importance of food, particularly the Masghouf tradition.  
       
   
Figure 8.5: Masghouf Platter in Burial from Building E: Original Photo from field notes 
(Stone et al. 1990) Hand-written notes on original polaroid from field notes taken in pre-
digital photography era. Location of platter in profile indicated by yellow star.  
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Figure 8.6: Fish Platter from Abu Tbeirah with charred spines and vertebrae from a 
Cyprinid (D’Agostino, et al. 2011). 
          
 Though the other examples are not as well preserved as the platter from Abu 
Tbeirah, the almost universal presence of this type of burial offering speaks to just how 
important this dish and the customs associated with it are to the people of southern Iraq. 
These customs of course include the fishing ritual itself, the methods used, the cooking 
and preparation of the fish for Masghouf as well as the ritual meal that follows. Though I 
have suggested that the burning pattern on fish remains is supportive of preparing carp 
this way at the site, this model has not been tested.  
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8.5 The Hybrid Model: Mashkan-shapir as the “Wet City” 
  As I have argued throughout this study, Mashkan-shapir not only represents the 
quintessential model of a heterarchically organized city, but also one whose subsistence 
patterns follow a sustainable, agro-ecologically sound trajectory. As I examined the data, 
It became clear that this model, which I have referred to as the Wet City Model, does 
deviate from ‘perfection’ in harmony with the models I proposed in chapter 4. These 
deviations, however, seem to have everything to do with local ecological adapations and 
resources and the interplay between freedom of its citizens to claim and access resources. 
For almost all intents and purposes, the citizens of Mashkan-shapir appear to have 
excersized this freedom of choice. Central to heterarchy is the ability of the various 
agents within the state to be free of complete control from above, yet to be able to rely 
upon, and in turn be relied upon for resources by other consensual groups at the site. 
Farmers need fishermen, fishermen need reedcrafters, the elites need the shepherds, 
swinekeepers need the orchards, and so on. These interrelationships are crucial at the site. 
Perhaps no reliance is as essential as that the reliance on the natural abundance provided 
by the wetland ecosystem.  In Table 8.8 below, I have summarized some of the 
arguments for and against the heterarchical model argued throughout this text. The 
overall result, is a combined wet city model for the site, which I define based on the most 
relevant conclusions from the data in Table 8.9. 
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Criterion of 
Study 
Hierarchical -Centralized 
City Model 
Heterarchical - 
Decentralized City 
Model 
Decision 
For 
Mashkan-
shapir 
Data 
Domestic 
Animal 
Husbandry 
Bias in distribution of 
species and animal parts 
or resources to particular 
segments of society. 
Bias indicating 
portioning of sheep and 
indirect access to sheep 
products by some 
segments of society                   
lack of diversity with 
resource intensification 
evident in faunal record  
Indicates a moderate 
degree of intensification 
of wool production in 
sheep husbandry and 
associated barley 
intensification for fodder. 
 
Unbiased 
distribution of species 
and animal parts or 
resources, excluding 
sheep 
High diversity with 
resource 
intensification only 
evidence by wool and 
barley fodder 
production, a general, 
highly varied low 
intensity strategy 
evidenced by all 
other resources.  
Largely 
Supports 
Heterarchy 
Model 
excluding 
sheep 
The 
Household 
Access to luxury items, 
food, resources, etc., 
mediated by central 
authority, varies based on 
class structure  
  day to day household 
economy mediated 
strictly by central 
authority, limited access 
to "garden crops"  
Garden space rare, 
limited  access by certain 
sectors of society only,                                           
bias evident in city plan 
Individual 
households have 
access to "garden 
crops" e.g.: Pigs, 
goats kept for milk, 
garden plots, 
orchards, “Yard 
Space" common             
Garden space 
unrestricted bias 
not evident in city 
plan
Supports 
Heterarchy 
Model 
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Criterion of 
Study 
Hierarchical -Centralized 
City Model 
Heterarchical - 
Decentralized City 
Model 
Decision 
For 
Mashkan-
shapir 
Data 
The Fishing 
Industry 
Harbors/Quays tied to or 
associated with central 
authority Access limited 
to a certain portion of 
society  
 Use strictly regulated 
and/or taxed  
emphasis on large scale 
access e.g.: "Big 
Business" model, 
restricting individual, 
small scale access 
"peasant fisherman" 
 Lack of diversity of fish 
species and sizes e.g.: 
evidence of commercial 
fisheries 
Harbor. Location 
separate from central 
authority.  
●open access by all 
sectors of society.  
●small and large 
scale harbor use.  
 High diversity of 
fish species and sizes. 
Supports 
Heterarchy 
Model 
Wetland 
Resources 
access restricted  
access routes: e.g. 
canals, quay, roads, not 
available to society 
Strict use 
regulation/taxation 
 May be drained, 
reclaimed depending on 
economic and political 
needs of state 
access not restricted  
●access routes: e.g. 
canals, quay, roads,  
available to diverse 
sectors of society 
free use, lack of 
strict regulation 
 left in-tact , vital to 
society, culture, 
economy 
Supports 
Heterarchy 
Model 
Wild 
Game/hunting 
Associated with Elites, 
Central Authority  
restriction by law  
uncommon at site 
not strictly 
associated with elites 
or central authority 
unrestricted and 
unregulated 
Common at site 
Supports 
Heterarchy 
Model 
Table 8.8: A comparison of arguments for and against the heterarchical model for the 
site. 
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Rural                                                         
"Marsh Dweller"  
Model 
Highly Urbanized                    
"City Dweller" Model 
"Wet City"  Model 
Mashkan-shapir 
D
om
estic Bovids 
small herds (small 
scale husbandry) 
larger herds reared in 
agricultural hinterland 
variable herd 
size/composition 
water buffalo common sheep and cattle most important 
diverse bovid 
assemblage including 
sheep, cattle, goats, and 
water buffalo 
mixed non-intensive 
strategies for animal 
products. 
restoration/sustainable 
acquisition over 
extraction  
specialized strategy with 
intensive focus on 
specific products, 
"extraction over 
restoration/sustainable 
acquisition" 
mixed strategy 
emphasis on milk and 
herd security for water 
buffalo or sheep2 
intense focus on specific 
resources - meat, milk, 
wool etc.                                                                        
some emphasis on 
wool1, otherwise mixed 
strategy
        
Suids 
wild boar common wild boar rare/non existent 
wild and domestic types 
present 
herds not strictly 
managed, may be 
opportunistic, no 
discernable mortality 
profile 
herd management 
strategy evident in 
mortality profiles 
multiple strategies, 
mixed mortality profile 
free-roaming herds meat focused, piglets male mostly variability of age/sex 
whole animal access? 
pigs raised elsewhere, 
perhaps in more rural 
settlement 
local pig rearing 
evident, combine with 
diff. access by some 
portions of pop. 
        
Fish, Birds, M
olluscs 
very common in 
collection, perhaps 
primal 
rare in assemblage diverse, significant portion of diet, routine 
high diversity, 
reflecting all edible 
species 
low diversity in species 
some diversity expected, 
most if not all edible 
species, some bias in 
preference 
access to entire fish 
parts present, not whole 
animals evidence for 
transport/trade 
some traded species, 
some present in 
complete state 
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Rural                                                         
"Marsh Dweller"  
Model 
Highly Urbanized                    
"City Dweller" Model 
"Wet City"  Model 
Mashkan-shapir 
        
W
ild Bovids 
common-place 
little or rare, not diverse, 
parts distributed 
unevenly 
some diversity, 
significant portion of 
diet, routine 
        
Flora 
marshland flora 
dominate, dates, reeds, 
sedges, wild fruiting 
plants 
marsh flora rare in edible 
contexts, reeds/sedges 
acquired as whole 
products3,  
mixed domestic and 
marsh flora, non-
intensive agriculture4 
limited to barley, reeds 
and wetland fruit plants 
common. 
cereal crops rare cereal crops common: wheat, barley, 
 cereal crops 
supplemented by 
marshland flora and 
resources 
Table 8.9: Wet City Model of Mashkan-shapir in comparison with urbanized and rural 
models 
            
                   
8.6 Comparative analysis of Old Babylonian Sites 
Few sites of similar scale and importance as Mashkan-shapir have produced a 
viable archaeofaunal assemblage. As I describe in Chapter 1, most of the large 
Mesopotamian sites with significant Old Babylonian period presence were excavated 
when archaeology was in its infancy. In the 19th and early 20th centuries, little attention 
was paid to faunal remains. Many of the discussions of Mesopotamian diet rely solely on 
text. Although the textual record is quite rich, documenting not only the trade, transfer, 
upkeep, and slaughter of domestic animals like sheep and goat, but also included even 
bits of mundane information including poetry and even recipes which may offer a 
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different type of glimpse into the way in which people interacted with animals at the site. 
Many publications do indeed exist which discuss the Mesopotamian diet at length based 
on these textual references (Bottéro 2004; Ellison 1978; Ellison 1981, 1983; Englund 
1988, 1990; Lang 1999; Nasrallah 2003; Pollock 2003, 2012; Schneider 2010).  With the 
advent of more scientific investigation methods, projects in the late 1900s, such as 
Mashkan-shapir, began to collect and interpret faunal remains. Given the political unrest 
which has plagued the region since the early 1990s, many projects were abandoned, like 
Mashkan-shapir. Of these excavations in Mesopotamia three can serve as a direct 
comparison to Mashkan-shapir in terms of period, relevance and urban character. The 
sites selected, which, coincidentally are the only sites for which published material exist 
at all which fit these criteria, are Isin, Larsa, Nippur, and Haradum (Figure 8.7 ). I will 
also introduce comparisons with the site of Tell Abu Salabikh. Though other 
Mesopotamian sites will be discussed throughout this and the next chapter, these five will 
be used for direct comparison of several lines of evidence concerning my interpretation 
of the Mashkan-shapir remains. Isin, Nippur, and Mashkan-shapir are very similar in a 
number of ways. Nippur and Mashkan-shapir are very similar in that they both exhibit a 
high degree of urbanization, a diverse neighborhood structure, and also satisfy many of 
the characteristics laid out by Stone for heterarchical city organization (Stone 1981, 1987, 
1991; Stone 1999), as I will explain in the next section. Isin and Larsa are cities of 
significant importance during this period, locally known as the Isin-Larsa period, 
emphasizing the importance of these two city states, their rivalry for power, and their 
prominence.  Haradum on the other hand, stands in stark contrast.  
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Figure 8.7: Map of Sites serving as comparisons to the Mashkan-shapir model 
          
 One of the few examples in Bronze age Mesopotamia of a planned city (Kepinski 
2012), it also has all of the earmarks expected from a hierarchically organized city.  
Lastly, Abu Salabikh material, dating slightly earlier, to the end of the UR III period, will 
also be introduced when needed, as it is one of the most thoroughly studied and sampled 
sites from the region in terms of faunal analysis and is also located in the southern 
wetland zone. Figure 8.8 Below indicates the geographic location of these 5 sites.  Isin, 
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Larsa, Nippur, Mashkan-shapir, and Abu Salabikh are all located in the southern wetland 
zone. Haradum on the other hand is located much further upstream along the current path 
of the Euphrates River at the border of Babylonia and Assyria. This selection of sites not 
only represents perhaps the full suite of urban sites from this period for which 
comparative faunal data are available, but it also offers geographic and political variation 
as well as striking similarity as I will show.       
 Of the major Isin-Larsa/Old Babylonian period sites selected as comparison to 
Mashkan-shapir,  Nippur (Boessneck 1978) and Isin (Boessneck 1977) have the most 
largest samples (number*) however, it must be noted that these pale in comparison to the 
sample size from Mashkan-shapir, which as I have noted, itself only represents a small 
portion of the site. Abu-Salabikh, on the other hand is provided as a sample which though 
of a slightly earlier date, is comparable in size as well as detail, with analyses published 
of fish (Driesch 1986) and bird (Eastham 2009) remains as well as mammalian and 
domestic material (Clutton-Brock and Burleigh 1978; Green 1993; Matthews and 
Postgate 1987; Postgate 1978). 
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Figure 8.8: Map of comparative sites and ecological zones of Iraq. Map and key taken 
from (UNEP 2007) 
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The sites of Isin, Larsa, Nippur, and Mashkan-shapir all fall quite well into the 
heterarchical model based on the criteria applied by Stone and Zimansky at Mashkan-
shapir, while Haradum is quite different. As an example of a planned city, with a high 
degree of centralized control by the ruling class, it provides an excellent contrast to the 
heterarchical model, offering evidence of some of the cornerstones of hierarchy and its 
reflection in the faunal assemblage.        
 Comparing these four sites, which fit the heterarchical model so well with 
Haradum, will also allow to identify contradictory patterns, ones which would 
presumably belong to a city with a more centralized hierarchically organized social 
structure. This type of evidence would greatly serve to bolster the model presented here 
as well as to test the link with sustainable agroecology. Indeed, the data seem to do just 
that. I will first present data on these sites concerning overall taxonomic diversity. Tables 
8.10-8.15 below present comparative abundances of species at all of these sites organized 
by class of taxa in order to be able to present data more efficiently. These are presented 
using NISP values, not MNI values as the studies of the material from many of the sites 
do not calculate MNI, relying only on the former. I have used NISP as it is the only 
quantification tool universal to all of these sites, though there are MNI values available 
for some of these data sets these are not presented in the tables below.  
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Mashkan-
shapir Nippur Isin Larsa Haradum 
Abu 
Salabikh 
Cattle 34 67 104 146 69 123 
Water Buffalo 2 0 0 0 0 0 
Equids 0 6 1 0 40 59 
Sheep/Goat 421 91 280 11 775 994 
Goat 54 11 8 0 0 0 
Sheep  301 65 107 0 0 0 
Domestic Pig 620 70 108 121 14 1033 
Camel 0 0 0 0 4 0 
Wild Game 25 3 4 0 32 14 
Carnivores 78 1 2 40 0 15 
Small 
Mammals 100 0 2 16 0 90 
Reptiles 15 2 3 15 2 49 
Birds 141 21 14 4 0 183 
Fish 1885 6 289 739 31 522 
Total NISP 3676 343 922 1092 967 3082 
Table 8.10: Comparative Data on all Taxonomic Groupings by major class listed using 
NISP. 
 
 
Mashkan-
shapir Nippur Isin Larsa Haradum 
Abu 
Salabikh 
Wild Boar 2 0 2 0 0 0 
Fallow Deer 6 0 1 0 16 0 
Roe Deer 9 0 0 0 0 0 
Gazelle 8 3 1 0 5 13 
Oryx 0 0 0 0 0 1 
Hippopotamus 0 0 0 0 11 0 
Total NISP 25 3 4 0 32 14 
Table 8.11: Comparative Data on all large game species listed using NISP. 
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Mashkan
-shapir Nippur Isin Larsa Haradum 
Abu 
Salabikh 
Unidentified Small 
Carnivore 11 0 0 0 0 0 
Lion (Panthera 
leo) 0 0 0 0 0 1 
Canid (Dog) 20 1 2 36 0 14 
Fox (Vulpes) 13 0 0 2 0 0 
Felis sylvestris cf. 7 0 0 1 0 0 
Small Mustellids 
(Mongoose, 
Polecat, Weasels) 21 0 0 1 0 0 
Large Mustellid - 
Honey Badger 6 0 0   0 0 
Total NISP 78 1 2 40 0 15 
Table 8.12: Comparative Data on all carnivore species listed using NISP. 
 
 
 
 
 
Mashkan
-shapir Nippur Isin Larsa 
Hara
dum 
Abu 
Salabikh 
Hystrix (Porcupine) 0 0 0 15 0 0 
Lepus  (Hare) 14 0 0 1 0 0 
Small Rodents 71 0 0 0 0 90 
Dipodidae (Jumping 
Mice) 6 0 1 0 0 0 
Muridae (Mice, Gerbils, 
Small Rodents) 9 0 1 0 0 0 
Tortoises (Testudo) 4 0 1 15 2 49 
Terrapin (Mauremys) 5 1 1 0 0 0 
Softshell Turtle 
(Trionyx) 1 1 1 0 0 0 
Snakes (Serpentes) 5 0 0 0 0 0 
Total NISP 115 2 5 31 2 139 
Table 8.13: Comparative Data on all Reptilian species listed using NISP. 
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Mashkan-
shapir Nippur Isin Larsa Haradum 
Abu 
Salabikh 
Unidentified Avian 0 0 0 4 
None 
Found 
18 
Anseriformes-Ducks 60 5 2 0 24 
Anseriformes-Geese 5 7 4 0 18 
Anseriformes-Swans 0 0 0 0 0 
Phalacrocorax 
(cormorants) 0 1 0 0 1 
Anhingidae (darters) 0 1 0 0 0 
Phoenicopteridae 
(flamingo) 2 0 0 0 0 
Philomachus (Ruffs) 0 1 0 0 0 
Hemantopus (Stilts) 0 0 0 0 1 
Pelecaniformes (herons, 
egrets,pelecans, ibises & 
spoonbills) 10 4 2 0 2 
Rallidae (Eurasian Coot) 61 2 3 0 3 
Gruidae (Cranes) 0 0 1 0 0 
Ciconiformes (Storks) 0 0 1 0 0 
Laridae (Gulls) 0 0 0 0 3 
Phasianidae (pheasants & 
partridges) 0 0 0 0 1 
Turdidae (thrushes) 0 0 0 0 1 
Corvidae (Crows, 
Magpies) 0 0 0 0 3 
Birds of Prey: (falcons, 
kites, hawks, owls, & 
vultures) 1 0 1 0 106 
Colombidae (Doves) 2 0 0 0 2 
Total NISP 141 21 14 4 0 183 
Table 8.14: Comparative Data on all avian species listed using NISP. 
 
 
 
 
   
  398 
 
 
 
 
Mashkan-
shapir Nippur Isin Larsa Haradum 
Abu 
Salabikh 
Unidentified Fish 0 6 0 731 0 0 
Cyprinidae 
(Carps/Barbs) 1299 0 237 1* 30 309 
Unidentified Catfish 177 0 0 0 0 0 
Siluridae (Catfish) 118 0 37 1* 0 22 
Bagridae (Catfish) 62 0 0 1* 0 1 
Sparidae (Breams) 50 0 3 0 1 11 
Clupeidae (Shad, 
Sardinella) 46 0 0 0 0 1 
Mastacembelidae (Eel) 9 0 0 0 0 1 
Mugilidae (Mullet) 75 0 12 1* 0 83 
Cyprinodontidae 
(Toothcarp) 0 0 0 0 0 0 
Engraulidae (Anchovy) 9 0 0 0 0 0 
Sillaginidae (Whiting) 13 0 0 0 0 0 
Belonidae (Needlefish) 6 0 0 0 0 0 
Carangidae (Pompano) 19 0 0 0 0 0 
Pomadasyidae (Grunts) 0 0 0 0 0 6 
Chondrichthyes (Shark) 0 0 0 3 0 0 
Pleuronectes (Flounder) 0 0 0 1 0 0 
Sphyraenidae 
(Barracuda) 2 0 0 0 0 1 
Total NISP 1885 6 289 739 31 435 
Table 8.15: Comparative Data on all fish species listed using NISP. 
 
Two conclusions are immediately clear when comparing these data sets: 1) Data 
from the other Old Babylonian sites are inconsistent, incomplete, and missing critical sets 
of identifications, such as fish or bird remains; and 2) There is a massive difference in the 
type of diversity seen when comparing Haradum with the fauna from the southern 
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Mesopotamian group of sites (Figure 8.9).  This can be seen most clearly when a direct 
comparison is made between Mashkan-shapir, the most complete of the analyses (not 
including Abu-Salabikh data) with Haradum, which although quite a complete study, 
represents a less diverse, and smaller assemblage (Figure 8.10) 
   
Figure 8.9: Comparative Taxonomic abundance for all sites in comparative set by NISP 
value.  
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Figure 8.10: Comparative species abundance at Haradum and Mashkan-shapir. Values 
presented by %NISP 
 
 
A comparison between the sites falling into the heterarchical framework (excluding Abu-
Salabikh) which I will refer to as the “southern group” and Haradum also yields the 
following patterns that are shared: 
 First, pigs are among the most abundant if not the most abundant species in sites 
from the southern group, while they are quite rare at Haradum (%NISP = 1.4)  
  
 Second, overall species diversity is much higher in the southern group, with fish 
and other wild taxa forming significant portions of the assemblage.    
  
 Third,  sites in the southern group contain taxa from distant and surrounding 
environments (marine, traded, etc.) while at Haradum domesticates are by far the most 
abundant taxonomic group (Over 90% of specimens) thus little evidence of interaction 
with and exploitation of the surrounding environment is suggested at Haradum (Figure 
102 below), while it is commonplace in the southern group.  
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Figure 8.11: Wild vs. Domestic taxa: a comparison between Haradum and Mashkan-
shapir. 
 
 Though Boessneck (1978) and (1977) does provide data for the spatial 
distribution of the faunal remains for Nippur and Isin, as does Desse (1981) and (1992) it  
is not easily comparable to the Mashkan-shapir data and such a detailed analysis of these 
older data sets would be time consuming and potentially yield little usable data without 
consulting the material itself.        
 Table 8.16 presents a comparison of the diversity of avian taxa at the site, while 
Table 8.17 does the same for the fish data. Though the varying presence/absence of 
certain varieties of waterfowl are indicated by the comparative data, overall it is clear that 
the same species, particularly those that are present either year round such as the Eurasian 
coot (Fulica atra) or those that may remain longer or represent at least partially 
domesticated species like Goose (Anser anser) are present at all sites A similar pattern is 
seen for the fish.   
Haradum Mashkan-Shapir
Domestic 
Mammals 
93.0%
Domestic 
Mammals
34.9%
Wild Taxa
7.0%
Wild Taxa
65.1%
Wild and Domestic Faunal Abundance from Haradum 
and Mashkan-shapir.
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Color 
Code:  Ubiquitous 
Very 
Common Common 
 √  indicates taxon 
present 
Avian Taxon 
Site 
Mashkan-
shapir Nippur Isin 
Abu 
Salabikh Larsa Haradum 
Phalacrocorax  √ √   √ 
Avian 
Remains 
Present 
but not 
Identified 
to Taxon 
None 
Anhinga    √     
Pelecanus     √   
Ardeidae √   √ √ 
Egretta gullaris √       
Cygnus √       
Plegadis     √   
Platalea     √   
Anser anser √ √ √ √ 
Anser albifrons     √   
Anas 
platyrhynchos √ √   √ 
Tadorna sp.       √ 
Anas acuta   √ √ √ 
Anas clypeata   √     
Anas crecca √   √   
Anas penelope √       
Marmonetta sp.       √ 
Netta rufina       √ 
Aythya ferina   √     
Mergus   √     
Milvus migrans     √   
Grus grus     √   
Fulica atra √ √ √   
Himantopus sp.       √ 
Laridae       √ 
Philomachus   √     
Phoenicopterus √       
Colombidae √     √ 
Phasianidae       √ 
Turdus sp.       √ 
Pica pica       √ 
Corvus sp.       √ 
Accipitridae       √ 
Gyps/Haliaeetus       √ 
Strigidae       √ 
Falconidae √       
Total Taxa 12 10 11 19 1* 0 
Table 8.16: Comparative diversity of avian species. Presence and absence data provided 
only. 
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Mashkan-
shapir Nippur Isin Larsa Haradum 
Abu 
Salabikh 
Cyprinidae 7 2 7 1 1 10 
Siluridae 1 1 1 1 0 1 
Bagridae 1 0  1 0 1 
Sparidae 1 0 1 0 0 1 
Clupeidae 2 0 1 0 0 1 
Mastacembelidae 1 0 0 0 0 1 
Mugilidae 1 0 0 0 0 1 
Cyprinodontidae 1 0 0 0 0 0 
Engraulidae 2 0 0 0 
0 
0 
Belonidae 1 0 0 0 0 0 
Carangidae 1 0 0 0 0 0 
Pomadasyidae 0 0 0 0 0 1 
Chondrichthyes 0 0 0 1 0 0 
Pleuronectes 0 0 0 1 0 0 
Sphyraenidae 1 0 0 0 0 1 
Total Number of 
Fish Species 20 3 10 5 1* 18 
Table 8.17: A Comparison of the Number of Fish species identified at sites selected for 
comparative study. 
 
Not only do the southern sites overall show the high diversity expected for the 
“Wet City” model, the most abundant species available in the environment are also those 
which are most common at these sites. In the case of fish, these happen to be the 
extremely diverse and economically important Carp (Cyprinidae) as well as the naturally 
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abundant Catfish (specifically S. triostegus) which are restricted by Islam today, but 
would have been an essential food species in the past. It is important to note that where 
fish and birds are concerned, apart from a number of cyprinid remains, these are absent at 
Haradum.          
 Another readily comparable data type available is skeletal element distribution. 
As part of this analysis I identified a pattern in the sheep remains suggesting a bias 
toward limb elements, which along with age and sex data, I used to argue for the 
existence of an emphasis on wool, but more obviously, a system that gave indirect access 
to sheep carcasses. At Mashkan-shapir, this was also supported by butchery data which 
suggested the presence of organized, regulated, and experienced butchers or regulated 
processing of sheep carcasses by some sector of society.     
 In the case of Mashkan-shapir I suggested that this may represent Emutbalah 
tribal herders which represented the royal family. The notion here is that although there 
isn’t much evidence of centralized authority, the wool industry, would have been an 
aspect of life at Mashkan-shapir that indeed would have been subject to such control. 
This was contrasted with data for pigs which showed abundant evidence of the 
heterarchical, decentralized, unregulated model. Pigs were butchered haphazardly, entire 
skeletons were available to the residents, and pigs were raised at the household level most 
likely as free roaming “street pigs”.       
 Skeletal element distribution data for sheep at Mashkan-shapir, Nippur, and Isin 
are illustrated by Figure 8.12. Skeletal element distribution data for pigs at Mashkan-
shapir, Nippur, Isin, and Larsa are illustrated by Figure 8.13. These sites were selected in 
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these cases because they were the only ones for which this data was available. Not 
surprisingly, the pattern for sheep at Isin and Nippur match that for Mashkan-shapir as do 
the patterns for pigs at Nippur, Isin, and Larsa. It would appear that at Nippur, Isin, and 
Larsa, entire pig carcasses are represented in the assemblage in the expected proportions 
as was the case with the Mashkan-shapir data. The data for sheep element distribution, 
though very similar to Mashkan-shapir as well, require a bit more in depth analysis to 
clarify this point. 
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Figure 8.12: Comparison of ovicaprid skeletal element distribution by % MNE between 
Mashkan-shapir, Nippur, and Isin. 
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Figure 8.13: Comparison of suid skeletal element distribution by % MNE between 
Mashkan-shapir, Nippur, Isin, and Larsa. 
 
 Certain portions of the skeleton are naturally exaggerated, for example, vertebrae, 
ribs, and teeth, for which multiple elements are present in the skeleton. These elements 
will therefore always be exaggerated especially when complete elements are present, as 
can be seen in the pig comparative diagram. . For the Ovicaprids, just as with Mashkan-
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shapir, the vertebrae are slightly exaggerated but not to the extent which would be 
expected if entire skeletons were available. This is made clearer when the skeletal 
elements are separated into portions. Figure 8.14 below shows the meat cuts or portions 
of the comparative data, clearly indicating a bias, just like at Mashkan-shapir, towards 
limb elements. Those elements of the forelimb, that comprise the foreshank and leg, 
specifically are more common.  
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Figure 8.14: Butchery Portion distributions in Nippur, Isin, and Mashkan-shapir. 
 
 The skeletal portion data as presented here clearly indicate a similar bias in the 
ovicaprid remains of Isin and Nippur as found in Mashkan-shapir. This similarity in 
portion distribution, coupled of course with the large proportion of the assemblage 
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identified as sheep/goat, suggests a similar pattern at these sites where differential access 
to sheep is present. Though without access to age and sex data for herd composition and 
mortality profiles, it is impossible to say whether or not these animals are being raised for 
wool as well, it is likely given the importance of this commodity during the time period, 
as well as the fact that the ruling cities at this time were under the control of the 
Emutbalah tribe, for which wool would have been a way of life. What I can say for 
certain, is that there is redistribution occurring for sheep carcasses, and none for pigs, 
creating a situation, at least in Nippur, Isin, Larsa, and Mashkan-shapir where this is the 
case. All in all the comparative data from these sites, especially juxtaposed to those from 
Haradum, support the model laid out by this study.  
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Chapter Nine: Conclusion    
        
   
9.1 Assessment of Project Goals 
 In chapter one, in addition to introducing the theoretical framework of this study, 
I also laid out 8 goals I planned to achieve. I will now revisit these goals and discuss the 
success of this study in meeting these goals and identify any shortcomings or problems 
run into. The first goal of this study was to quantify the role of wetland fauna, marine 
resources, and other wild resources in the site's economy. The results of this study have 
indicated that these resources were critical, not only in terms of contribution to the diet, 
but also in their use as raw materials. Foremost among these are fish, which make up 
41.4% of the fragments identifiable to taxon (NISP) and 31.6% of the estimated number 
of individual animals (MNI). Additionally, when meat weight is taken into consideration, 
15.6% of the meat consumed at the site comes from fish. To put this figure into 
perspective, sheep and goat meat consists of 16.2% of the total meat consumed at the site. 
 Fish are consumed at the site in roughly equal proportions as are ovicaprids. 
Birds, are also common at the assemblage, and as I have shown readily document 
cooking and food preparation methods of the inhabitants. In fact, fish and fowl play such 
an important role at the site, that they are the most common types of animal found in 
vessels included within burial contexts. In many cases, complete meals prepared perhaps 
as offerings to the deceased are found within burial contexts at the site. I have also 
presented data suggesting that this phenomenon is not unique to Mashkan-shapir, but also 
occurs in all of the major southern Mesopotamian urban centers for which faunal data 
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exist at all. This type of evidence presents a unique window into the psyche and world 
view of ancient inhabitants of the southern Mesopotamian floodplain. As I will describe 
later in this chapter, is the aim of an ongoing study stemming from this research. Based 
on the evidence presented in this work, it is undeniable that although the site was part of 
the vanguard of urbanization during the second millennium B.C. wild resources were 
crucial to the daily lives of its inhabitants. It is also undeniable that even at such a site, 
fishermen, hunters, reed collectors and craftsmen, were the keepers of a vast cultural 
library of traditional knowledge.        
 The second goal of this study was to produce a model for the exploitation of the 
domesticated bovids at the site and understand how this fits into the general subsistence 
model for the site.  The data suggest that sheep were the most common domesticate bovid 
at the site and were raised primarily for wool. Skeletal element distribution data indicate 
that access to entire sheep carcasses was restricted, with a strong bias towards limb 
elements. The butchery data for sheep indicate standardized butchery patterns indicative 
of professional experienced butchers following a prescribed butchery regimen. What I 
have suggested here, is that these animals are likely the property of a particular segment 
of society, namely the members of the Emutbalah tribe. Though it is nearly impossible to 
prove this assertion based on the data available for this study, I base this association on 
the textual record for the site. Written records going as far back as the Reign of Shulgi, 
nearly 3 centuries earlier and continuing until the time of the sites collapse document the 
long standing association of Emutbalah shepherds with the site itself. They tell a story of 
the sites expansion from a small hamlet of Emutbalah tribal shepherds to a village whose 
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status grows along with that of the Emutbalah bloodline.  By the time of the Larsa 
Kingdom and the reign of Rim-Sin (1822-1764 B.C) and his Emutbalah brethren it 
became a city which accommodated a population of nearly 20,000 (personal 
communication, Elizabeth Stone).        
 It is only natural to assume that this same family, for which sheep husbandry and 
wool production was a way of life, continued to manage this resource. It was likely this 
industry that allowed them to expand their influence ultimately becoming the ruling 
family of the Larsa state and intermingling their bloodline with the rulers at Babylon, 
Isin, and indeed throughout Mesopotamia. Regardless of whether the agents responsible 
for the management of sheep at the site are the ruling Emutbalah tribesmen, what is also 
clear based on the data as a whole is that they functioned within a heterarchical 
framework. In fact, the overall model for the site, which I refer to as the wet city model of 
a sustainable heterarchy,  presumes that the wool industry was perhaps the only aspect of 
life at Mashkan-shapir that they did exercise control over.    
 Data for the other bovids at the site, goats, cattle, and water buffalo, are limited. 
What these data do seem to suggest, is that goats appear to be complete in the faunal 
assemblage, not supporting a bias in terms of access to their parts. Elements identified as 
goats, also do not show the same regimen of butchery marks, resembling instead the 
haphazard butchery patterns seen with pigs. Additionally, the data suggest that goats may 
have been kept for milk, likely by individual households. Cattle are rare at the site and the 
high ovicaprid to cattle ratio is indicative of low intensity agricultural production. Indeed, 
I have suggested based on the faunal data and limited data from a sampling of botanical 
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remains that have been analyzed at the site, that these animals were likely grazed in a 
variety of ecological zones, including fallow fields, the semi-arid plains, as well as 
wetland zones. Additionally, cereal agriculture at the site seems to have focused on the 
production of barley for foddering. It is important to note that a more thorough and 
published analysis of botanical remains is absolutely essential to be able to say any more 
concerning these patterns of animal husbandry.     
 Lastly, I have not been able to contribute any reliable data to the discussion of the 
role of water buffalo at a site like Mashkan-shapir. Though water buffalo was identified 
at the site, no conclusions whatsoever can be reached based on such a limited sample 
(NISP = 2). This is disappointing, as water buffalo are the quintessential marshland 
domesticate. Their presence in any significant degree at the site would provide ample 
evidence for the marriage of city and marsh that I am suggesting has taken place at the 
site. However, as I have noted, there are many factors which may explain their rarity at 
the site, the most intriguing of these is their intimate and almost familial treatment by 
modern marshland groups.         
 The only way to understand the role of the water buffalo at the site further, is 
continued excavation and sampling of the sites contexts. If this were the reason for the 
scarcity of these animals, it is likely that, for example, water buffalo ritual burial may 
have taken place in a specific area of the site that has not been excavated. Unfortunately, 
excavation at the site, as I will discuss further in my concluding statements, may just 
never be possible or likely to yield any usable data due to rampant looting of the site and 
political unrest in the area.           
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 The third goal laid out in the first chapter was to examine the role of the pig as a 
resource at the site. The data for pigs provides the starkest contrast to those from sheep 
and by extension the most support for the heterarchical model of all the domesticate 
animals at the site. Pigs do indeed represent the perfect heterarchical resource. They have 
an almost supernatural ability to convert even the poorest of food sources into body mass. 
Although not always the richest food source in terms of nutrients, they do produce large 
amounts of meat in a short period of time.  They also do not require access to grazing 
land, or swineherds. The data from Mashkan-shapir show that this was taken advantage 
of by the people at the site. Pig accounts for the overwhelming majority of meat 
consumed at the site, comprising over 68% of the total meat weight. Skeletal element 
distribution data also suggest unrestricted access to entire carcasses of pigs and cut mark 
data indicate these animals are being butchered in a haphazard, inexperienced manner. 
 This suggests that the idiosyncratic agency of the butchers, likely individual 
household members themselves, is the main factor influencing butchery. I have also 
suggested that a low intensity free range strategy of pig husbandry was implemented at 
the site. Free roaming pigs are also suggested at the site by the prevalence of pig chew on 
animal bone. Pig chew marks, as opposed to gnawing by dogs and other carnivores, is by 
far the most common bite mark evidence identified at the site, suggesting pigs had ready 
access to household debris. Whether these pigs were “street pigs” roaming freely about 
the city and called home when necessary by their owners, or whether some other low 
intensity herding strategy, such as grazing in date orchards, or in the marsh, what is clear 
is that very little energy was expended in terms of managing the composition of the herd, 
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or maximizing its makeup for meat. This lack of management is perhaps most supported 
by the high degree of diversity in the age and sex profiles, size measurements and 
morphological features of the pigs.  Based on preliminary measurement data, this does in 
fact appear to be the pattern. Wild boar, are abundant in the wetlands of southern 
Mesopotamia, and these populations likely interbred with the domestic populations at 
Mashkan-shapir. In such a scenario, there would not be a clear line between domestic, 
feral, or wild pig populations. It is an often ignored fact that pigs can be just as gregarious 
and intelligent as dogs. They respond to human calls, and can be trained quite expertly by 
swineherds to follow a daily regimen with little expenditure of energy. They would have 
represented, to the average Mesopotamian household, an untaxable, cheap, and ready 
source of food.          
 The fourth goal I set forth for this study represents an attempt to undo some of the 
damage done to the archaeofaunal record for Mesopotamian civilizations. It was my 
intention to present the data in a thorough form, using establish recording, measurement, 
and analytical methods common to zooarchaeology today so that future archaeologists 
can more readily incorporate it into their analyses and comparative research.  This was a 
problem I encountered at the outset when I began my research. Comparative data was 
limited, inconsistent, and often incompatible with modern quantitative and qualitative 
methods. In completing this analysis I recorded nearly 40 individual types of data for 
each sample. I have presented these data using in many cases in their raw form as well as 
with my own quantification means applied. It is my hope that with data made available 
here, as well as in subsequent studies stemming from this research that I am preparing for 
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the coming months, all of the raw data will become available for the site. I also welcome 
any researcher who is interested in my original spreadsheets, images, and decision rubrics 
to inquire about access to their resources. My ultimate goal is to share all of these on the 
internet as soon as I have the proper permissions and platform selected. Many of the data 
from excavations which took place in the 1990s were not easily accessible, either owing 
to a language barrier, or to the obscurity and unavailability of the original source. I hope 
that this research and its results in some small way help to rectify this issue. Many 
projects begun in the last few years, for example, the AMAR database of Stony Brook 
University (AMAR 2008) and the Ur Digitization Project (Hafford 2014; UrOnline 2013) 
have taken a similar approach to older data and were important resources during my 
research.            
 The fifth and sixth goals as I laid them out in Chapter 1 can in fact be combined 
as the aim to produce a holistic picture of the faunal economy at the site linking the 
heterarchical model to sustainable resource exploitation at the site.   Here I have 
essentially set out to establish the link between the two core ideas at the heart of the 
projects thesis. I aimed to show that the Mashkan-shapir faunal data not only supports the 
heterarchical model for southern Mesopotamia, but also present a model for sustainable 
resource exploitation, particularly emphasizing wetland resources. More specifically, that 
a critical link exists between heterarchical social organization and sustainability, in that 
only heterarchy creates the proper sociopolitical and economic circumstances to support a 
truly sustainable program of resource acquisition.     
 The seventh goal of this research is to compare the data from Mashkan-shapir 
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with contemporary sites for which data is available. The aim of this portion of the study 
was to test the models and examine any shared regional or contemporaneous patterns. A 
comparison of the data with the sites of Nippur, Larsa, and Isin, identified several similar 
trends, while Haradum, a hierarchically oriented city offered starkly contrasting evidence. 
 The eighth and final goal of this study was to relate this discussion to current 
environmental strategies in wetland conservation, and sustainable resource exploitation in 
modern urban societies as well as outline some suggestions for future research in this 
field.                                                                            
 
9.2 Future Research 
The Mashkan-shapir data has provided for a rare glimpse into the processes of every-day 
life in an Old Babylonian city. The richness and diversity of the data set has allowed me 
to make some very basic determinations about the workings of the Heterarchical 
dynamics governing the site as well as the various sustainable practices identified. Much 
of this analysis has been based on the interpretation of patterns in the faunal data and 
comparison with known and hypothesized models about various aspects of life at the site. 
There are still, many unanswered questions.       
 In order to address pig husbandry in a more detailed sense, dental microwear 
analysis will be conducted on selected pig teeth from various excavated contexts of the 
site. Dental microwear analysis, developed largely by the field of paleontology, has been 
applied to the analysis of archaeological collections of fauna (Wilkie et al., 2007: 241-
242). Microwear analysis examines traces of wear in the enamel of mammalian teeth 
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which record feeding in the last weeks of life. It has been used in studies (Wilkie et al., 
2007; Mainland & Halstead 2004; Schmidt 2001; Rose & Ungar, 1998; Teaford & Oyen 
1989) both on pigs and primates to determine feeding behavior.    
 Due to a natural instinct to root in the ground for food and the nature of 
microwear on tooth enamel, it is possible to reconstruct the environment in which pigs 
were kept and the nature of the material they consumed. Stall-fed pigs kept in an 
environment devoid of soil show fewer microstriations in their molar enamel than the 
teeth of free roaming pigs with access to soil for rooting, which show extensive 
microstriations (Wilkie, et al. 2007:242) (Wilkie et al., 2007: 242). The presence of “pits” 
in the dental enamel of pigs may also indicate the ingestion of hard foods, such as large 
seeds (Wilkie et al., 2007: 242).  One possibility, reflected by the prevalence of date-pits 
at Mashkan-shapir, is that pigs were ingesting these fruit, either being fed them directly, 
or being allowed to forage in date orchards. A correlation of pitting and microstriation 
might indicate the latter, while incidences of pitting with fewer microstriations may 
support the former. Several different interpretations can be made by correlating these 
features, and a complete analysis of the pig remains from the site will help to make some 
of these connections clearer.          
 A second major proposal for future research, involves testing the model of fish 
bone burning I have theorized here associated with the preparation of Masghouf. The 
goal of such a study, is to first design an experimental testable model whereby the effects 
of Masghouf preparation on carp remains can be identified. Nawal Nasrallah, Iraqi 
culinary historian, author of Delights from the Garden of Eden: A Cookbook and a 
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History of the Iraqi Cuisine (Nasrallah 2003), and several other culinary histories of the 
middle east, has agreed to assist me in conducting this ethnoarchaeological experiment in 
the hopes that the results can be used to identify this behavior in other collections from 
Iraqi sites. The aim would be to produce an identifiable pattern of burning, taphonomy, 
and statistical loss that can be applied to burned fish remains from Mesopotamian sites to 
identify this method of preparing fish, which as I have described, is a very long-lived 
Mesopotamian tradition.  
 
9.3 Concluding Statement 
 When I began this inquiry, I intended only to address a desperate gap in the 
archaeofaunal record for Southern Mesopotamia. As I began to investigate the collection 
I almost immediately realized the great potential of the material to answer long-asked 
questions about the site and about ancient Mesopotamia as a whole. The research of 
Stone and Zimansky drew my attention to the more relevant issues of how and why 
Mashkan-shapir was able to emerge from obscurity to become a teeming metropolis. 
What struck me almost immediately were the contradictions evidenced by the faunal 
assemblage. Before me lay a collection that at first glance could just as easily have 
belonged to a community of hunter/fishers like the modern Ma'dan of Iraq. How were the 
people of Mashkan-shapir, which by all accounts serves as an archetypal model of a 
highly urban Mesopotamian city, capable of preserving such an intimate link with their 
environment? How is it that at what may very well have been one of the largest cities on 
Earth at the time, that fishing, hunting, household level production were economically as, 
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if not more important, than irrigation agriculture and large scale animal husbandry? The 
answer, I suggested, could be found in the notions of heterarchy and consensus. What 
was unique about Southern Mesopotamian cities, as many had already argued, was their 
social, political, and economic organization. A decentralized power distribution with 
heterarchy via consensus between varied segments of society acted here to maintain 
sociopolitical and economic equilibrium, discourage monopolization of control, and to 
encourage healthy competition. It was precisely this heterarchy that allowed for a 
sustainable regime of resource acquisition and production. This analysis lends much 
support to the idea that there is a fundamental link between heterarchical social 
organization and sustainability. De-centralized control where consensus between diverse 
groups and interests results in a healthy competition has been shown to be effective not 
only in government but in the business world and the social and interpersonal spheres as 
well. Heavily restricted, regulated, and intensified strategies of production such as those 
common in modern agricultural systems today have undoubtedly cause environmental 
decay, loss of biodiversity, famine, and suffering. Intensive, single focus, production 
strategies show a wanton disregard for the relationship that agricultural fields, farms, and 
even human communities have with the surrounding environment. The emerging 
multidisciplinary field of Agroecology presents several solutions for today’s world, 
which is facing many challenges in the years to come when it comes to building a 
sustainable method of feeding an ever-increasing population with the same, or even 
dwindling resources. Increasing urbanization, population growth, and resource limitations 
are, however, not new problems, nor should they be seen as mandatory causal agents of 
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famine, disease, and hunger in the future. For centuries, what science now calls an 
“agroecosystems” approach to production, was indeed the norm. These factors, namely, 
synergy, resource diversity, adaptability, natural process mediated management, and 
knowledge intensity, which are associated with sustainable agroecology, were practiced 
on a day to day basis. They represent a natural human response to counteract the forces of 
centralization, intensification, and artificial maintenance resulting from increased 
processes of urbanization, standardization, and centralization which accompany the shift 
towards a global community.  What I have attempted to show, I hope successfully, using 
the Mashkan-shapir data as a model, is that heterarchical consensus as a form of social 
organization and governance is a prerequisite to attaining a sustainable, agroecosystems 
approach to production. By contrast, hierarchical, top heavy, strictly centralized and 
standardized control works naturally against sustainability. The residents of Mashkan-
shapir faced the very same pressures, albeit on a smaller scale, as we do today. A 
settlement which by all accounts was nothing more than a small pastoral village or 
hamlet, became, in a matter of decades, a metropolis for the time. The residents of 
Mashkan-shapir had to contend with: 1) the rise to power of the Isin and Larsa states and 
the territorial and cultural dominion that came with it; 2) A massive increase in 
population at the site in a very short time scale; 3) The interaction of culturally diverse 
groups, such as; marsh dwellers, herdsmen, foreign military, & farmers to name a few, 
settling together, perhaps for the first time; 4) An overtaxed ecosystem, which was, due 
to the nature of the Tigris-Euphrates river system, unpredictable and naturally prone to 
salinization; and 5) Exposure to new political and social agents and the accompanying 
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innovations and changes they bring with them.      
  For these reasons, coupled with a reliable faunal and archaeological data set, the 
site can serve as a suitable test case for these ideas. Relying on natural forces of 
heterarchical consensus and due to a lack of strict regulation on the part of the Isin-Larsa 
state of the early middle second millennium, the residents were able to apply naturally 
sustainable and agroecologically sound tactics to transform a sheepfold into a bustling 
and successful urban environment. What makes it unique from today’s perspective, is that 
it was at the same time a sprawling urban center as well as a living, “green” space whose 
gardens, canals, harbors, orchards, and households worked in ecological harmony with its 
surroundings to sustain themselves. Though Mashkan-shapir is but one city, I have shown 
that similar patterns are also found elsewhere at other wetland sites such as Larsa, Isin, 
Nippur, and Abu Salabikh.         
  I have also suggested a possible cause which may have contributed to the city’s 
eventual collapse in the middle 2nd millennium BC. Namely, potential processes of 
salinization coupled with the natural shifting of watercourses suggested by the 
geoarchaeological evidence. It is important to note, that though the sustainable 
heterarchical agroecosystems mode, which I have dubbed the “Wet City Model” was 
successful at the site, it was by no means a completely heterarchical or sustainable one. In 
this regard, the Wet City model, is an ideal. One which not even Mashkan-shapir lives up 
to. I have attributed this imperfection, and ultimately the sites downfall, to one aberrant 
process in the model, namely, barley agriculture and the accompanying wool industry. 
 Though a near perfect model is presented by Mashkan-shapir, a slow process of 
   
  425 
salinization at work in Mashkan-shapir, due in large part to low intensity barley 
agriculture to provide fodder for wool bearing sheep, is seen as the “tin can in the 
machinery” of the Wet City model, which eventually, albeit slowly, contributed to the 
sites abandonment. During its floruit, however, Mashkan-shapir, like many 
Mesopotamian cities in the Tigris-Euphrates flood plain, is seen as a near perfect example 
of sustainable production and heterarchical consensus. The lesson provided by the site is 
a crucial one for human communities today facing the same pressures as the Mashkan-
shapirites. There is no hope for a sustainable future in terms of agricultural production if 
not accompanied by sociopolitical innovation as well. Just as agroecology represents a 
logical and in many ways “back to our roots” reimagining of agricultural production, so 
does the concept of heterarchy.        
 In the case of Mashkan-shapir heterarchy manifested itself in the consensus 
between groups with varied and diverse interests, sources of wealth and power, as well as 
a diverse cultures and knowledge bases. It resulted in a deregulated state where 
individuals were capable of maximizing their potential to feed their families and support 
themselves in a variety of different ways, from the planting of gardens, maintenance of 
orchards, small scale rearing of pigs, goats, and water buffalo, to fishing, hunting, 
agricultural production, wool production, to name only a few. Without dense regulation, 
standardization, centralization, and specialization, the people were capable of maximizing 
the diversity of natural setting in a way which was not taxing, but sustainable and 
reliable. Although this study has succeeded in pointing out some very clear examples, the 
hallmarks of sustainable agroecology are not easily identifiable archaeologically.  
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 The strongest evidence from Mashkan-shapir comes in the form of a diverse 
resource base, low intensity varied niche exploitation, and a rich cultural and traditional 
knowledge based component. Though the last several decades have led to much 
knowledge of a much more intimate level of the synergistic, complex, and dynamic 
ecological processes at work within ecosystems, it does not mean that an inherently 
complex scientific background is necessary to put these processes to work in agriculture. 
Traditional or folk knowledge is equally as important, and for millennia formed the basis 
of agricultural production and general subsistence.  
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